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ABSTRACT 
This study examined the relationship between investments in affordable housing 
by a non-profit organization (Greater Des Moines Habitat for Humanity- GDMH), 
proximity to public transit and housing prices in the City of Des Moines, in 2000 and 
2018.  The hypotheses were: the closer the residential unit is to the GDMH housing 
investment, the higher the housing price in the surroundings of the residential unit; and 
the closer the residential unit is to public transit stop, the lower the housing price in the 
surroundings of the residential unit.  The Hedonic model was used with 2000 and 2018 
housing prices as dependent variables, 2003- 2014 GDMH investments and public transit 
proximity as independent variables of interest.  In addition, control variables such as 
housing structural characteristics were included in the models’ specifications.  
The estimation results indicated that the relationship between housing prices and 
GDMH investments at the block groups was negative, opposite to what was found in 
many past studies. In other words, housing unit closer to the investment locations have a 
lower price compared to those in distance. Based on the Oaxaca Decomposition test, 
combining 2000 and 2018 data, GDMH investments at the block groups contributed to a 
decrease in housing price by approximately $2,940 in 18 years (2000-2018), resulting in 
a decrease of approximately $163 per year). Even before the GDMH investments were 
started, the 2000 housing price regression models showed a decline in the areas where the 
2003-2014 investments were located. Inclusionary zoning strategy was recommended to 
ensure that affordable housing provision could have a positive relationship with housing 
prices (Mukhija et al., 2015).  
  
x 
Moreover, the regression estimation results varied in magnitude for 2000 and 
2018. Both indicated that the relationship between housing prices and public transit 
proximity was negative. For 2000, the estimated coefficients had smaller magnitude than 
in 2018, illustrating that the situation may got worse. Oaxaca results, combining 2000 and 
2018 data, indicated that public transit proximity was positively contributing to housing 
price until around 90m (increased by around $400) but had a negative effect of around 
$4,000 when the distance was 500m, during the 18 years (2000-2018). As included in the 
2035 DART Plan, increasing frequency and numbers of bus routes were recommended. 
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CHAPTER 1.    INTRODUCTION 
1.1. Background 
Provision of affordable housing has been a challenge in the United States over the 
past years. As housing prices increase, many people cannot afford to have their own housing 
(Borderless Charity, Inc, 2017), and some residents can only afford to live in apartments or 
rental areas. Some statistics illustrate the magnitude of this problem. First, the percentage of 
Americans who rent their houses was 31.2% in 2006, which increased to 36.6% in 2016 
(Summerville, 2017; U.S. Census Bureau, 2017). The concerning fact about these figures is 
that they are increasing at a rapid rate. Second, currently, the average expenditure on housing 
by most Americans crosses 30% to 50% of their monthly income (U.S. Census Bureau, 
2017). Over the years, housing costs have risen significantly faster than incomes. Since 1960, 
the median earnings of the renters have increased by 5% whereas the rents have increased by 
61%. Also, since 1960, the homeowners earn 50% more whereas the home prices increased 
by 112%. The housing crisis is on the rise at the heart of the American economy, wiping out 
savings, growing inequality and reducing the ability of workers to weather the next recession 
(Hobbes, 2018). 
The City of Des Moines, Iowa, is no exception to this escalated housing problem. 
Although the City of Des Moines has one of the best quality of life ratings in the country 
(Mejia, 2018), the gap between the affordable housing demand and available housing unit is 
high. According to Calvin (2017), availability is only 30 units for every 100 families. In the 
recent past, the number of low-income families unable to find or be placed in affordable 
housing in Des Moines is a growing rapidly and it has become a concerning problem for the 
authority.  
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Affordable housing is a pressing need for the one in five Iowans who live in poverty 
than ever before. According to Rood (2017), only 397 units of the 2,000 new market-rate 
units were added for low-income residents in 2017. People who are earning $10 to $13 per 
hour, taking home around $1,200 per month cannot afford a $1,075 one-bedroom apartment 
in the metro area. Thus, they are forced to live somewhere outside the city or on the lower 
income areas where the house rent is within their affordable range (Rood, 2017). This may be 
causing spatial mismatch between housing and job locations, highlighting the importance of 
housing proximity and access to the public transport system. There are evidences of 
relationship between income and transit proximity demand in past studies. 
In general, vehicle ownership is dependent upon the income and it has a relationship 
with the demand for public transit and. As low-income people have lesser number of vehicles 
owned, they rely more on public transit services and prefer to live closer to the transit 
stations (Paulley et al., 1999; Murphy, 2010). That is why it is important to distribute transit 
options in a way to remedy the spatial mismatch where it exists (Ong and Miller, 2005, Ong, 
2002). It would be beneficial for affordable housing development initiatives to locate near to 
the transit system to provide these people the access they need. That is why the organizations 
working with affordable housing provision are motivated to move the housing units near to 
the transit to reduce the spatial mismatch, where exists (Welch, 2013). 
As the need for affordable housing is increasing, the need for investment in the 
housing sector is also increasing. Within this context, the public sector and non-governmental 
organizations (NGOs) are taking several initiatives to provide affordable housing options in 
the United States, and the City of Des Moines is no exception to that. Greater Des Moines 
Habitat for Humanity (GDMH) is a nonprofit organization working to ensure affordable 
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housing to those in need in the City of Des Moines. The GDMH is working to provide 
housing with a non-profit loan and uses monthly payments from the clients to build more 
affordable houses. GDMH has helped more than 860 households with their housing needs in 
various forms since their inception in 1986 and functional operations began in 1987 (GDM 
Habitat for Humanity, 2018). 
Although non-profit organizations like GDMH are working to accommodate the 
people in need and to increase the supply of affordable housing, other issues might reduce the 
efficacy and contribute to the housing crisis. Previously, it has been observed that residents in 
existing neighborhoods opposed new affordable housing construction in their neighborhood 
(Nguyen, Basolo & Tiwari, 2013). The reasons behind this resistance found to be related to 
the anticipation of negative externalities due to the affordable housing construction (e.g., 
congestion and increase of crime), change in neighborhood demographics and fear of 
undesirables in the neighborhood (Lattimore & Lauria, 2018; Nguyen, 2005; Woo, Joh & 
Van Zandt, 2016; Wassmer & Wahid, 2019). The fear of property price deterioration causes 
this "NIMBY" attitude towards the affordable housing construction. However, there is 
evidence of positive externalities in a depressed housing market due to the similar type of 
housing construction in the neighborhood (Dillman, Horn & Verrilli, 2017).  
From the past studies, it was also found that investment in residential properties has 
both positive and negative relationship with the nearby property prices (Ding, 2000; Simons, 
Quercia & Maric, 1998; Dillman, K. N., Horn, K. M., & Verrilli, A. 2017; Wassmer & 
Wahid, 2019). That is why GDMH is interested in evaluating whether its investments have 
any relationship with the housing prices in the neighborhoods its investments are located.  
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1.2. Hypotheses and Research Questions 
There is a need to examine whether GDMH investments have any relationship with 
housing prices to assure that such investments are improving the quality of life in the 
neighborhoods they are located. It is also important to investigate the relationship between 
housing prices and proximity to the public transit to assure low-income residents have access 
to public transportation. Thus, the objective of this study is to examine the relationship 
between housing prices, GDMH housing investments, and proximity to public transit system 
in the City of Des Moines between 2000 and 2018.  
In order to accomplish the objective, the hedonic pricing model was used. In a general 
term, the hedonic model evaluates the effect of non-market characteristics or external factors 
on market prices of service. Three main data sets were used in the models: 2003 to 2014 
investment data from GDM Habitat for Humanity, public transit routes for Des Moines Area 
Regional Transit Authority (DART) bus services, and DART bus stops. Overall, this study 
answers the three research questions about the City of Des Moines: 
1. How did the GDMH housing investments influence the surrounding housing 
prices in 2018? 
2. What was the relationship between housing investments and housing prices in 
2000 and 2018? 
3. How proximity to public transport influenced housing prices in 2000 and 2018? 
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The aim of the research is to explore the relationship between housing prices, the 
investments by GDMH in housing and proximity to public transit. However, it has been seen 
from past research that investments have a geographical limitation in increasing the 
neighboring housing prices (Ding, 2000; Simons, Quercia & Maric, 1998). At the same time, 
it is also seen that proximity to public transit network usually increases housing prices 
(Martinez & Viegas, 2009; Shin, Washington & Choi, 2007; Mulley et al., 2016). That is 
why for this research the hypotheses were prepared in support of these previously seen 
issues. The hypotheses for this study were: the closer the residential unit is to the housing 
investment, the higher the housing price in the surroundings of the residential unit; and the 
closer the residential unit is to public transit stop, the lower the housing price in the 
surroundings of the residential unit. From the literature, the hedonic price model found to be 
the most suitable method to use to achieve the objective of this study. 
 
1.3. Thesis Structure 
This thesis is organized in five main chapters. A brief description of these chapters- 
Chapter 1. Introduction- This chapter provides background information on the 
housing problem in the United States and in the City of Des Moines, how GDMH is working 
to ensure affordable housing to the people in need and what objective this research is trying 
to reach along with the questions needs answering. 
Chapter 2. Literature Review- This chapter outlines how previous studies 
incorporated the relationship between investment and housing prices and proximity to public 
transportation. It also outlined the concept of the Hedonic Price Model which is used in this 
research to achieve the objective and address the research questions. 
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Chapter 3. Methodology and Study Area- The statistical methods used for the purpose 
of this study is described in this chapter. General formulation of the statistical methods is 
provided, including a discussion as to what variables are considered and included in the 
method and why that is a good fit. A brief description of the study area is also included in 
this chapter. 
Chapter 4. Results and Discussion – This chapter includes the results of the hedonic 
regression models developed over the course of this study. These results are accompanied by 
a discussion on how these findings are relevant to the practical implications, as well as a 
discussion of potential drawbacks and limitations are given the nature of the study. 
Chapter 6. Conclusion – This is the closing chapter of this thesis and it includes a 
discussion on how these findings answered the implied research questions and reached to the 
objectives of this study. At the same time, it also includes a discussion on how these findings 
could be applied to the real-world problems and potential directions for future research.  
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CHAPTER 2.    LITERATURE REVIEW 
This chapter consists of three separate sections. The first section provides an 
overview of the relationship between different investments and housing prices and how this 
relationship was captured earlier in different studies. The second section is related to the 
relationship between transportation and housing prices and how that was represented in 
previous studies. The last section provides an overview of the hedonic pricing model, how 
that has been used in past studies involving housing investment and transportation access, 
and which variables are derived from the literature review to be incorporated in the models of 
this study. 
 
2.1. Affordable Housing Investment and Housing Price 
The relationship between the type of investment and housing prices have been 
captured in different studies over the past years. Several studies attempted to capture how 
affordable housing investment had a relationship with housing prices and how the 
community supported/or opposed the initiative. Some invested the relationship and how 
opposition forms (Nguyen, 2005; Nguyen, Basolo, & Tiwari, 2013); and some explored the 
relationship along with the possible reasons for opposing the affordable housing construction 
(Lattimore & Lauria, 2018; Woo, Joh & Van Zandt, 2016; Wassmer & Wahid, 2019; 
Dillman, Horn & Verrilli, 2017). Table 2-1 summarizes how affordable housing investments 
were measured in these studies. 
 
  
8 
Table 2-1 Studies on affordable housing investment and housing prices 
Article Focus Opposition  Findings 
Nguyen, M. 
T., Basolo, 
V., & Tiwari, 
A. (2013) 
Community 
opposition to 
affordable housing 
and responses to 
these oppositions 
Physical quality, 
density; 
neighborhood 
effects; perceived 
characteristics of the 
future occupants 
NIMBY opposition can 
result in affordable housing 
projects being directed to 
specific jurisdictions, or 
concentrated poor 
neighborhoods 
Woo, A., 
Joh, K., & 
Van Zandt, 
S. (2016) 
Influence of 
spatial distribution 
of subsidized 
housing 
Subsidized housing 
developments 
negatively affect 
neighboring housing 
prices 
Subsidized housing 
developments in 
depressed housing market 
conditions may generate 
positive externalities 
Dillman, K. 
N., Horn, K. 
M., & 
Verrilli, A. 
(2017) 
How the 
affordable housing 
production going 
to affect the 
neighborhood? 
Affordable housing 
developments could 
negatively impact 
home values and 
increase 
neighborhood crimes 
Distressed areas positively 
gain modest property values 
in contrast to modest value 
reductions in the affluent 
neighborhoods.  
Wassmer, R. 
W., & 
Wahid, I. 
(2019)  
How greater 
affordable housing 
unit changes the 
neighborhood 
characteristics 
Residents are 
concerned about 
crime, congestion, or 
public schools’ 
performance 
Home sells are less in area 
with a greater density of 
people per home. 
NIMBYism could be based 
in a rational self-interest to 
protect home value. 
 
Nguyen, Basolo & Tiwari 2013 in their study on the framing of opposition to 
affordable housing investigated how affordable housing investment faces constraints from 
the existing social setting. They identified that there are several reasons why the NIMBY 
factor raises in the affordable housing construction. That includes but not limited to the 
demographic characteristics of the new or anticipated homeowners and how that will change 
the neighborhood. The structural characteristics also plays a role in this opposition and 
according to the authors, it plays a significant role as existing residents’ fears that will reduce 
their property resale value. 
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In contrast, Woo, Joh, & Van Zandt, 2016, explored a more specific dimension of 
affordable housing investment and housing prices relationship. They tried to answer the 
question- how the spatial distribution of subsidized housing developments effects nearby 
property prices? They also examined whether this relationship varies across different housing 
submarkets, identified based on the median family income. They used a hedonic price model 
with structural characteristics and locational characteristics as their control variables in the 
models. Their results indicated that the affordable housing developments have differential 
impact across local housing markets and submarkets. They found that the construction of 
new units may have an opposite relationship to housing prices in low income housing 
submarket and affluent housing markets. The construction resulted in a negative spillover 
effect in the affluent neighborhoods whereas it resulted in few positive externalities in the 
low-income neighborhoods. 
Similar to this study, Wassamer & Wahid, 2019, explored whether the resilience by 
the existing residents is valid and whether there is any relationship between housing prices 
and proximity to more affordable housing to their own home. One of the major similarities 
among all these studies were that all they found that existing residents usually oppose 
affordable housing construction in their neighborhood. The reasons are varied- the fear of 
nuisances in the neighborhood, increase of crime and congestion and most importantly, the 
fear of housing value reduction. Wassamaer and wahid also found that people do fear about 
the reduction of the public-school performance. 
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Dillman, Horn & Verrilli, (2017) examined the investment by Habitat for Humanity in 
affordable housing provision in Charlotte, North Carolina. They found that the opposition by 
the existing residents results in the concentration of these housing units in the low-income 
area. However, they also found that the NIMBY attitude is a result of housing price reduction 
fear. At the same time, the results indicated that the distressed area gained some property 
value increase by the new affordable housing construction. However, the same was not the 
case for the middle income and affluent neighborhoods. The investment results in a modest 
housing value reduction in those areas. 
In summary, in most of the previous studies it was found that the affordable housing 
construction faced opposition from the existing residents. People are always concerned about 
the housing resale value and that is one of the major reason of their opposition. However, 
there are other factors as well. For example, they are concerned about the anticipated changes 
in neighborhood demographics, probably increase in congestion and crime and reduction of 
public-school performance. The opposition resulted in a concentration of affordable housing 
construction in distressed neighborhoods. The results are mixed in different neighborhoods as 
well. The affordable housing construction resulted in a modest price gain in the existing 
houses in the distressed neighborhoods, whereas it caused a negative relationship in the 
affluent neighborhoods.    
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2.2. Investment and Housing Price 
The number of studies that investigated the relationship between general housing 
investment and housing prices using the hedonic model is comparatively low in number 
(Ding, Simons & Baku, 2000; Deng, Li, & Quigley, 2012; Simons, Quercia & Levin, 1998); 
some examined the investment in redevelopment projects (De Sousa, Wu, & Westphal, 2009; 
Lee, Liang, & Chen, 2017), and others investment in transportation infrastructure 
(Mikelbank, 2004). Table 2-2 summarizes how investments were measured in these studies 
and included in the hedonic pricing model. 
Table 2-2 Studies on investment and housing price 
Article Investment on Measurement Findings 
Ding, 
Simons & 
Baku, 2000 
Residential property 
in Cleveland, Ohio 
Buffer of 120 ft, 
150ft and 300 ft 
around the sites 
Investment in residential 
property has greater impact 
in nearby properties and is 
geographically limited 
Simons, 
Quercia & 
Levin, 
1998 
Impact of new 
residential 
construction and 
neighborhood 
disinvestment on the 
residential sales price 
Captured the effect 
of neighborhood 
upgrading and 
downgrading on the 
sale price of existing 
property prices  
Neighborhood disinvestment 
has a significant and negative 
impact on housing prices 
whereas new construction 
has a positive impact on 
prices. 
De Sousa, 
Wu, and 
Westphal 
(2009) 
Publicly assisted 
brownfield 
redevelopment 
investment 
500 ft increments 
until they reached 
5000 ft from the 
brownfield sites 
Spillover effect in terms of 
raising surrounding property 
values is significant 
Liang, C. 
M., & 
Chen, C. 
Y. (2017) 
Impact of urban 
renewal on housing 
prices in 
neighborhoods 
undergoing urban 
renewal 
Difference in 
Difference (DD) 
method among 
control group and 
treatment group  
Urban renewal affects the 
differences between the 
treatment group and the 
control group and causes a 
positive and significant 
impact on housing price 
Mikelbank, 
(2004) 
Transportation 
infrastructures 
improvement 
Network distance 
around the sites 
Road investments have 
distinct and significant 
impacts on house price. 
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Most of the studies examining the investment and housing price relationship had a 
prevailing hypothesis that investment near a housing unit increases its price. Studies 
involving investment in housing development, brownfield redevelopment, transportation 
infrastructure- all used the same hypothesis. For example, Ding, Simons & Baku (2000), and 
Simons, Quercia & Maric (1998) examined the effects of housing investment and 
disinvestment on nearby property values. They considered that the investment effect is 
different in different neighborhoods, and the relationship between housing price and 
investment decays with the increase of distance. On the other hand, Simons, Quercia & 
Maric examined the effect of neighborhood upgrading and decline, captured by subsidized 
new residential construction and sustained property tax delinquency respectively, on the sales 
price of one-to-two family homes. Both studies have a similar methodology in determining 
the investment and price relationship. 
Both Ding, Simons & Baku (2000), and Simons, Quercia & Maric (1998) used 
buffering techniques around the housing units at 150, 300 and 500 ft. to identify the presence 
of investment. There are similarities not only in the approach of both these studies, but also 
in the findings as well. Findings from both the studies indicated that the effect of investment 
is geographically limited and new investment has a greater impact compared to the 
investment in rehabilitation. Ding, Simons & Baku found that small-scale investment has no 
impact on nearby property values and investment is significantly positive in the low-income 
areas. In contrast, Simons, Quercia & Maric found that property values increased at a higher 
rate for each new unit built in a one to two block area. 
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Similar to these studies, there have been studies on different development and 
redevelopment investment also have significant relationship to housing price. De Sousa, Wu 
and Westphal (2009) assessed the effect of publicly assisted brownfield redevelopment on 
surrounding property values. Their research questions were related to the findings of Ding, 
Simons & Baku (2000). De Sousa, Wu and Westphal tried to answer the question whether 
there is difference in the relationship between different type of redevelopment initiatives and 
housing prices. The results revealed that the surrounding property values increased in both 
quantity and geographic scope, as redevelopment led to a net increase of 11.4% in nearby 
housing prices in Milwaukee and 2.7% in Minneapolis. The study also found that project 
size, value, and the amount of public funding have minor impacts on this effect; factors such 
as proximity to major roads, distance from rail, and higher incomes have greater positive 
impacts (De Sousa, Wu & Westphal, 2009). Similarly, Liang, C. M., & Chen, C. Y. (2017) 
examined the impact of urban renewal on housing prices in neighborhoods undergoing urban 
renewal. 
Concerning public transport, there are studies representing the relationship between 
the investment in transportation infrastructure and residential property prices. Mikelbank 
(2004) examined the relationship between the smaller road investment made on a regular 
basis by the municipalities and state department of transportation and residential property 
prices. He combined two spatial databases: information on the single-family houses sold on 
Columbus, Ohio, and detailed spatial and temporal information regarding all road investment 
in the same area. The findings of this study are also similar to the findings of the previously 
stated studies. The investment or improvement of infrastructure increases the housing prices 
and it has a geographic limitation. 
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Although these studies differ in investment types, they all have one specific aspect in 
common: all these studies used hedonic price model. Another component of these studies 
was that they all agreed that housing prices does not only depends on investment. There are 
other characteristics that influence the housing price. It can be structural characteristics or 
neighborhood characteristics. All these studies included the control variables in their models 
to reduce resulting biases and make it more representative. Ding, Simons & Baku (2000), and 
Simons, Quercia & Maric (1998) both worked with housing investment, only that the latter 
considered the magnitude of investment besides new investment existence. However, they 
did not incorporate land use factor, or stakeholder’s perception or locational characteristics, 
which was incorporated in the study by De Sousa, Wu and Westphal (2009). 
The study by De Sousa, Wu and Westphal (2009) has incorporated a hedonic method 
to quantify nearby property value effects at more than 100 brownfield projects. It also 
explored the relationship between housing prices and land-use, neighborhood characteristics 
and other redevelopment factors. The significant difference they have from the other studies 
was that it incorporated the seasonal effect as a fixed effect as a determinant of housing 
prices. The study also considered stakeholders perception towards the impacts of brownfield 
redevelopment to real estate conditions. Similarly, Liang, C. M., & Chen, C. Y. (2017) used 
the difference-in-difference method to assess successful housing transactions in Taipei City 
from 2008 to 2011.  
In summary, there is a distinct and significant relationship between any investment 
and the housing prices of the nearby properties. This relationship seems to decay with the 
increase of the distance. Most of the studies used the hedonic pricing model to show the 
relationship between investment and housing prices, whereas a few also added the spatial and 
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temporal analysis techniques. With investment being the most important and focus of the 
study, there are other considerable characteristics as well. From the literature, structural 
characteristics, neighborhood characteristics, demographics and location found to be the most 
commonly used control variable in examining housing price and investment relationship. 
 
2.3. Transportation Proximity and Housing Price 
Over the years, several studies have shown the relationship between housing prices 
and different transportation attributes (Hawkins & Habib, 2018; Martinez & Viegas, 2009; 
Shin, Washington & Choi, 2007; Mulley et al., 2016). Table 2-3 summarizes what 
transportation attributes were considered and how they were included in the hedonic 
regression model. 
Table 2-3 Studies on transit proximity and housing price 
Article Mode/Infrastructure Measurement Findings 
Hawkins & 
Habib, 2018  
Subway, streetcars 
Presence of subway 
or streetcars, 
proximity to the 
network 
Distance from CBD and 
proximity to subway has a 
significant impact on 
prices 
Martinez & 
Viegas, 2009 
Three different 
transportation 
infrastructures: metro, 
rail, and road 
Distance from 
transportation 
infrastructure to the 
apartments 
Proximity to one or two 
metro lines leads to 
significant property 
value changes 
Shin, 
Washington 
& Choi, 2007 
Subway, bicycle 
Minimum distance 
calculated to the 
subway stations 
Sales prices for apartment 
communities decreased as 
accessibility worsened 
Mulley et al., 
2016 
Car 
Distance between 
housing unit and 
employer 
Better car accessibility to 
large employers reduce 
house value 
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Hawkins and Habib (2018), in their research on the dynamics of housing prices, 
explored how urban form and transportation services influence the prices of different housing 
types in Greater Toronto. The research considered both demographic variables as well as the 
transportation-related variables and used the hedonic model. These variables included the 
availability of streetcars, availability of subway and proportion of trips by different active 
modes (Hawkins & Habib, 2018).  
Martinez, and Viegas (2009) examined the relationship between transportation 
infrastructure availability and services and the pattern of house prices in an urban area in 
Lisbon. They also assessed whether public investment in transportation could affect 
residential property values. The researchers used the advertised price at which the owner or 
realtor is offering the property on the market as the dependent variable (Martinez & Viegas, 
2009).  
Similarly, Shin, Washington & Choi (2007) examined the influence of transportation 
accessibility on residential property prices in Seoul, South Korea. They used several 
transportation-related variables in their models such as proximity to the transit station, 
proximity to the highway, proximity to bicycle facilities, number of vehicles in a census 
tract, traffic volume (e.g., AADT, ADT), average travel time per trip in a census tract and 
entropy-based accessibility (Shin, Washington & Choi, 2007). 
A similar research approach was followed by Mulley et al. (2016) on the residential 
property values, where they examined the impacts of proximity to transport infrastructure in 
Brisbane, Australia. They investigated the bus rapid transit (BRT) and the heavy rail 
networks in the city and explored whether the investment in public transport increased 
accessibility and in turn increased the land values. They examined the impacts of the BRT in 
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a developed city like Brisbane and used spatial modeling to examine the accessibility. The 
Geographical Weighted Regression (GWR) method was then used to examine the spatial 
distribution of accessibility using the local model of the hedonic model (Mulley et al., 2016). 
The study found that the proximity to BRT network causes an upliftment of land values in 
the areas where they are constructed. In a similar study, Armstrong & Rodriguez (2016) 
found the opposite relationship. They found a that the proximity to commuter rail stations 
influenced the housing price negatively. 
In summary, from the past studies, it was evident that there is a distinct and 
significant relationship between public transportation and the housing prices of the 
surrounding properties. Most of the studies used distance and proximity to the transit network 
in the hedonic pricing model to show the relationship between transportation modes and 
housing prices; only a few also added some accessibility analysis techniques as well. As the 
focus of this study is the low-income people and their access to housing, transit proximity is 
important to consider. In general, vehicle ownership is not significantly higher among this 
group of people. That is why considering both these issues, transit proximity was considered 
in this study. 
 
2.4. Hedonic Price Model 
The hedonic price model (HPM) was first used by Griliches in the study of fixed 
assets in 1971. The basic idea of the technique is that each commodity is characterized by 
their constitute attributes. Therefore, the price of the commodity can be computed by 
summing the values of its different characteristics. The hedonic price model is usually 
applied in estimating the value of any commodity or the demand for a commodity (Herath & 
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Maier, 2010). In a general term, the hedonic model evaluates the effect of non-market 
characteristics or external factors on market prices of service. 
The technique has a wide implication in housing studies as it helps with the 
investigation of different problems related to this sector. The attributes include physical 
characteristics of the property; location of the site in relation to employment centers and 
other recreational facilities (accessibility); social and economic characteristics of the 
neighborhood, including the presence of such amenities as views, parks, schools and 
community services (So, Tse, & Ganesan, 2002). This method is used to reflect the value of 
different attributes in housing price or rent. Hedonic pricing evaluates a convenient method 
for estimating transportation-related benefits and disbenefits affecting the value of any 
residential property. These transportation-related attributes can be of negative values such as 
the highway/freeway noise, or it can be positive benefits such as the improved access to the 
transit network or proximity to workplaces and lesser travel time or improved access to 
activities. 
In the case of housing, the hedonic pricing model studies the demand side of housing 
and considers that the property is sold based on its intrinsic attributes (Freeman,1979; Rosen, 
1974). The price of the housing unit, according to the hedonic model, depends on the 
valuation of the attributes of the unit. A hedonic regression equation is the best way to 
explain the relationship between these individual attributes of the housing unit and the 
housing price (So, Tse, & Ganesan, 2002). The model helps in explaining the housing price 
in terms of structural characteristics such as size of the flat, age, floor, neighborhood 
characteristics, job accessibility, etc.; each of these attributes is assumed to be implicitly 
priced. The hedonic price model is an ideal model to analyze a non-homogeneous commodity 
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like housing, as it allows the total value to be broken down into the values of different 
components. 
 
2.5. Hedonic Price Model in Housing Price Analysis 
The conventional hedonic price regression equation with regard to the housing market 
is either rent or house value against the characteristics of the unit that determine the 
respective rent or the value of the house. The fundamental assumption of regression applies 
that the relevant determinants of the dependent variable (rent, price, or value, in this case) are 
known precisely and in advance. A classical hedonic equation is as follows (equation 2-1): 
𝑃 = 𝑓(𝑥1, 𝑥2, 𝑥3). . . . . . . . . . . . . . . . . . . . . (2 − 1) 
where, P is the market price of the house, 𝑥1, 𝑥2, 𝑥3 are the housing characteristics such as it 
embodies.  
These variables include the structural variables themselves (size and condition of the 
house, age, etc.). However, the set of structural variables such as the size of the flat are not the 
only determinants that explain the price of housing. There are environmental aspects, such as 
proximity to a green area and noise level and transportation-related aspects that could also 
explain the differences in its market price. Then the hedonic price model can be stated as 
follows (equation 2-2):  
𝑃 = 𝑓(𝑆, 𝑇, 𝑁, 𝑡). . . . . . . . . . . . . . . . . . . . . (2 − 2) 
where, P is the market price of the house, S is the structural related attributes, N is the 
neighborhood characteristics, T is transportation attributes, and t is an indicator of time.  
In practice, the variables included in any hedonic price model are based on the 
objective of the research, availability of data, and the researcher’s preference. For example, 
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Malpezzi (2003) attempted to list out the variables that often appear in hedonic price 
analyses: number of rooms and type of rooms (bedrooms, bathrooms, etc.), floor area, 
housing category (single family, multifamily, attached/detached, number of floors), 
availability and type of heating and cooling systems, age of the structure, structural features 
(presence of basement, fireplaces, garages, etc.), structural material used, and quality of 
finish. 
In the past studies, transportation-related attributes and housing investment were also 
used in a hedonic price model. These attributes include access to metro, rail, bus or other 
public transit mode; proximity to transit station and bicycling facility; traffic volume; average 
travel time per trip; investment amount (large, medium, small, based on a range); number of 
new housing units within a defined limit; and investment type (new construction or 
rehabilitation). 
In the following section, the variables used previously and the broader categories to 
which they are related are further explored. 
 
2.6. Variables in Hedonic Model in Past Studies 
The hedonic price model considers all the properties and characteristics of any real 
estate separately and estimates prices based on the assumption that these characteristics could 
be separated into different attributes. This can include the attributes of the spatial unit (lot 
size, floor area, number of rooms, etc.), infrastructure and locational attributes (including 
distance to the CBD), natural environment, social environment, ecology, and quality of 
design and architecture. The heterogeneous nature of houses, buildings and other real estate 
property justifies the use of the HPM for estimating their demand or value. Houses, buildings 
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and land slots are different at least by their location, making it difficult to estimate the 
demand for them generically. 
Over the past years, the hedonic model has been used by several authors who 
included the structural characteristics, neighborhood characteristics and location 
characteristics of the property in the model. The structural characteristics includes the 
physical attributes of the housing unit such as the number of bedrooms, area, air-conditioning 
and heating facilities, as well as other amenities. The neighborhood characteristics include 
the quality of life living in that neighborhood, such as the quality of schools, racial 
demographics, distance to city center, environmental factors and safety, among others. The 
location of the housing unit plays a crucial role in determining the price or rent of that unit. 
That is why authors have included the locational characteristics in the hedonic model as well. 
The distance to the public transit or distance to urban centers or employment locations are a 
few of the location characteristics that were retained in previous studies. 
Many authors have studied housing as a commodity and based on their studies the 
role of different individual attributes on housing prices can be determined. 
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Table 2-3 Past studies with hedonic price model and the attributes employed 
Attributes Prediction on Housing Price Source 
House 
size/area 
Increases with the increase of 
house size/area 
Bourassa and Peng (1999), Canavarro, 
Caridad & Ceular (2010), Goodman & 
Thibodeau (1995), Goodman & 
Thibodeau (1997), Morancho (2003), 
Pozo (2009), Rasmussen & Zuehlke 
(1990), Selim (2008), Tse (2002), Wen et 
al. (2005) 
No. of 
bedrooms 
Increases with the increase in 
no. of bedrooms in the house 
Canavarro et al. (2010), Morancho (2003), 
Ottensmann et al. (2008), Pozo (2009), 
Rasmussen & Zuehlke (1990), Selim 
(2008) 
No. of 
bathrooms 
Increases with the increase in 
no. of bathrooms in the house 
Canavarro et al. (2010), Goodman & 
Thibodeau (1997), Limsombunchai et al. 
(2004), Maurer et al. (2004), Morancho 
(2003), Ottensmann et al. (2008), Pozo 
(2009) 
House age 
Decreases with the increase of 
house age 
Bourassa and Peng (1999), Goodman 
&Thibodeau (1995), Goodman 
&Thibodeau (1997), Limsombunchai et 
al. (2004), Morancho (2003), Ottensmann 
et al. (2008), Pozo (2009), Rasmussen & 
Zuehlke (1990), Selim (2008), Tse (2002) 
Air 
conditioning 
Increases if exists in a house 
Canavarro et al. (2010), Goodman & 
Thibodeau (1997), Ottensmann et al. 
(2008) 
Proximity to 
urban green 
spaces 
Increases if located near one 
Kong, Yin & Nakagoshi (2007), 
Morancho (2003) 
Proximity to 
school 
Increases if located near one Tse (2002) 
 
Along with these attributes, several other factors were considered by different authors 
over the years, which include the air quality, environmental quality, location attributes 
relating to the proximity to employment centers and parking facilities at the housing unit, 
among others. There is evidence supporting that these attributes influence the housing price 
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in a positive manner. However, the most commonly used characteristics can be categorized 
as structural and neighborhood characteristics, in most of these studies. 
 
2.7. Summary 
The hedonic price model has been used over the years in different housing and market 
research. The role of housing investment and transportation factors have been well studied in 
the past. In this chapter, how investment in new housing units influence the housing prices 
within a certain geographic area has been identified from past studies. Similarly, the role of 
transportation infrastructure and how availability of different public transport mode has a role 
in determining the housing prices have also identified from previous studies. As hedonic 
price model does not only work on the treatments, there are also other control variables like 
the structural and neighborhood characteristics, those were also identified from the past 
studies. Thus, this will provide an idea on what variables to include in the hedonic price 
model and how to use those variables in consistence with the treatment variables. 
24 
CHAPTER 3.    METHODOLOGY 
This chapter consists of three separate sections. In the first section, an overview of the 
study area has been provided, including the geographical location of the city, investment 
locations, transit routes and other demographic information. The next section incorporates an 
overview of the Greater Des Moines Habitat for Humanity (GDMH) and its functions, 
providing an idea about how to incorporate the investment details by GDMH in this study. At 
the same time, information on the organization helped in formatting the hypothesis and the 
research questions. The final section provides an overview of the hedonic price model used 
in this study, variables incorporated in the model and how the analysis is performed for this 
research.  
 
3.1. Study Area 
The City of Des Moines, Iowa, is the capital city of the state of Iowa and the hub of 
all governmental action, business activities and cultural affairs.  Des Moines is the case study 
for this research, in which the relationship between housing prices, housing investment and 
transportation proximity is examined. 
Table 3-1 summarizes this information regarding the City of Des Moines. In 2017, 
the population of the City of Des Moines was reported as 217,521, according to the US 
Census Bureau Facts. The total number of households in the city is around 83,000 and the 
average household size is 2.49 (United States Census Bureau, 2017). The mean commute 
time is around 19 minutes, which is reasonable compared to the growing pattern of the city. 
However, that is not the case for everyone. Some people work in the city core, live in the 
periphery and forced to commute more than an hour every day. The median income in the 
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city is higher compared to the national median; it is around sixty thousand dollars per year 
compared to forty-four thousand, the median in the national average.  
Table 3-1 Basic information regarding the City of Des Moines for 2017 
Median Income $60,011 
Total Households 83,000 
Average Household Size 2.49 per household 
Total Population 217,521 
White  80.71% 
Black  5.41% 
Hispanic 7.43% 
Asian 4.32% 
(Source: United States Census Bureau, 2017; City of Des Moines, 2018) 
Figure 3-1 displays the percentage of the population of each race in the City of Des 
Moines. It is noticeable that not all the defined racial categories are present in the city. White 
is the most dominant race among all the groups. 
 
Figure 3-1 Population by race in the City of Des Moines 
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Figure 3-2 portrays the median household income growth since 2000 in the City of 
Des Moines and in the U.S. The drop during the 2009 economic recession is visible from the 
figure. At the same time, it is also noticeable that the growth rate in the City of Des Moines is 
more frequent than the national average. In most of the years, the growth rate of the City of 
Des Moines is higher than the national average.  
 
Figure 3-2 Median Income change since 2000 in Des Moines and in the U.S. 
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Figure 3-3 displays the percentage of household income spent for rent in the City of 
Des Moines since 2010. It is visible that the percentage of people who spend more than 35% 
for rent is significantly high. Percentage of total population spending more than 50% of their 
income is more than 20% for the past 10 years. This indicates that although the total 
percentage of people spending more than 30% of their income for rent purposes is low, the 
situation is much worse than that. 
 
Figure 3-3 Percentage of income spent for rent purposes 
Figure 3-4 shows the population growth rate in the City of Des Moines is 
significantly higher compared to the national growth rate since 2010. In the past decade, 
despite the economic depression, the city has been growing at a higher rate compared to the 
national growth rate. 
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Figure 3-4 Population growth since 1910 in Des Moines and in the U.S. 
The following maps show the block groups and neighborhoods in the City of Des 
Moines. Figure 3-5 displays the block groups and neighborhoods in the city. Figure 3-6 is 
showing the population in different classes in different block groups in 2000 and 2018. The 
city has changed in its administrative boundary since 2000 and the number of block groups 
has increased, as visible from the figure. The population in several block groups has 
increased significantly and that is understandable with the growth of the city. It is noticeable 
that none of the block groups had more than 2,000 population in it in 2000, whereas a 
number of blocks have populations more than 2,000 in it in 2018. 
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Figure 3-5 Block groups and neighborhoods in the City of Des Moines 
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Figure 3-6 Total population in different block groups in the City of Des Moines (2000 vs 2018)
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The population distribution by race in different block groups provides an idea 
regarding the demographics of the city. Figures 3-7, 3-8 and 3-9 below provide an idea of 
how White, Black, and Hispanic populations are distributed in the city in the year 2000 and 
in 2018. Figure 3-7 indicates the comparison between the 2000 and 2018 for White 
population. It is interesting to note that most of the block groups had around 90% of white 
population in it in 2000. However, the situation has been changed in between 2000 and 2018. 
The block groups have now lesser percentage of white population in it. That is visible in the 
latter figures where the percentage of Black and Hispanic population changes from 2000 to 
2018 has been displayed. The distribution of black population was concentrated in the middle 
of the city (figure 3-8). Most of the block groups had less than 20 percent of Black 
population in it in 2000. Same trend can be located for Hispanic population as well (figure 3-
9). Most of the block groups had less than 2 percent of Hispanic population in it back in 
2000.  
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Figure 3-7 Percentage of White population in each block group (2000 vs 2018) 
  
 
3
3
 
 
Figure 3-8 Percentage of Black population in each block group (2000 vs 2018) 
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Figure 3-9 Percentage of Hispanic population in each block group (2000 vs 2018)  
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3.2. Habitat for Humanity 
Habitat for Humanity International (HFHI) is a non-profit organization that provides 
house ownership opportunities to low-income families. HFHI was established on the 
principle that every human should have a place to live. The organization’s mission is to help 
build simple and decent homes. Directed through its mission, the organization now includes 
more than 1,400 local offices within the United States and is operating in over 70 countries. 
Collectively, this network has built and repaired more than ten million homes and provided 
more than 6.8 million people worldwide with safe, decent, and affordable housing (Habitat 
for Humanity, 2017; Delmelle et al., 2017). 
The founders of HFHI established the organization based on the concept of 
“partnership housing,” working side by side with local volunteers to build decent and 
affordable homes. During the process, each potential homeowner is required to complete 
“sweat equity” hours (refers to homebuyer’s own labor) and attend financial counseling 
sessions. Furthermore, the organization strives to improve the overall quality of life of the 
Habitat homeowners by upholding the following values in every project: 1) Christian 
principles, 2) inclusion, 3) community self-help, and 4) professionalism (Bearfield, 2018). 
Usually, it takes one to two years for any partner families to complete the process and 
move into their own homes. The homeownership process involves the accumulation of 
approximately 300 hours (varies by local affiliate) of “sweat equity.” After moving into the 
new home, homeowners have a key added advantage as they purchase their homes through 
no profit, no interest and affordable mortgage loans (Lattimore & Lauria, 2018). Habitat 
houses are built using donations of land, material, and labor, so the mortgage payments are 
kept affordable at 30% or less of a family’s income (Habitat for Humanity, 2019). 
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Besides building affordable homes, HFHI has realized the benefits of a community 
development mindset. HFHI puts an emphasis on building strong neighborhoods, and it is 
done best by building homes in clusters, which have ranged from four or five in a row to 
several hundred. In 2009, HFHI started the Neighborhood Revitalization Initiative with a 
view of improving the quality of life for families in a neighborhood where they invest in 
housing. So far, more than 300 local offices are active participants in this initiative, following 
an asset-based community development framework (Habitat for Humanity, 2017).  
 
3.3. Greater Des Moines Habitat for Humanity (GDMH) 
The Greater Des Moines Habitat for Humanity (GDMH) is affiliated with HFHI, 
following the principles of their parent organization. GDMH operates locally in the City of 
Des Moines, Iowa. It is also a non-profit and volunteer-based housing organization. Like 
HFHI, GDMH houses are sold to the people who are in need for the cost of land and non-
donated materials at no interest and no profit. GDMH is totally powered by volunteerism and 
they welcome all people who want to join the network and build affordable homes. As stated 
in the GDMH website, “the organization brings people together to build homes, 
communities, and hope” (GDM Habitat for Humanity, 2018). 
In 1987, GDMH started their operation in the City of Des Moines, focusing on 
rehabilitation and repair works and building homes. They reached 50 home building 
milestones in 2005. However, from there on they improved the speed and reached 250 in the 
next nine years. They also increased their working area to neighboring counties, starting at 
Polk County and expanding to Dallas County (GDM Habitat for Humanity, 2018). 
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3.3.1. Family Selection Criteria 
GDMH partners with qualified families to help them finance new construction and 
purchase previously owned homes. During the ownership process, GDMH follows a 
nondiscriminatory policy of family selection (Habitat for Humanity, 2018). Families in need 
of affordable housing apply for homeownership with their local Habitat for Humanity. Local 
Habitat for Humanity offices provide opportunities to families based on the fulfillment of 
three criteria to achieve homeownership status (GDM Habitat for Humanity, 2017). 
The first criterion is the ability to pay for housing costs, and eligible families should 
earn between 30% and 60% of the median income of that area in the year of application. 
GDMH considers family size while calculating the household income. The second criterion 
is that the applicants need for affordable housing should be well documented. The applicant 
must have two years of steady income history, must have a social security number, and be 
eligible to work in the United States with a three-year history of Employment Authorization 
Documentation issued by the U.S. Citizenship & Immigration Services (USCIS). The total 
debt should not cross 40% of total monthly income, including the estimated mortgage that 
should be 30% or less of the applicant’s income. Before accepting families in the home 
ownership program, GDMH gives preference to potential eligible families that spend 30% or 
less on housing costs. GDMH also considers structural condition and safety, housing space, 
housing use types, bedroom capacity and accommodation of single families when selecting 
potential eligible families (GDM Habitat for Humanity, 2017).  
The third criterion is about the applicant’s willingness to partner with GDMH during 
the process, when families contribute with sweat equity. The applicant must have a minimum 
number of sweat equity hours (300 hours for a previously owned home and 400 hours on a 
new construction). At least 100 hours of sweat equity must be earned working on the 
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construction of GDMH houses if the applicant is physically capable before the applicant can 
submit the application. Upon selection, the family must complete the homeownership 
education series, which will earn them 50 hours of sweat equity. However, before the 
homebuyer can start working on their own house, they have to work one day a month on a 
GDMH site. After completion of half of the sweat equity requirements and financial 
credibility demonstration, applicants are responsible for selecting a lot to build their home or 
a house ready to move. Once construction begins on their own house, the partner family must 
work one day a week on it. 
 
3.4. GDMH Investments  
The investment by the Greater Des Moines Habitat for Humanity (GDMH) is 
concentrated in the central areas of the city. Table 3-3 shows the summary of the investment 
information collected from the GDMH from 2003 to 2014. Out of 223 investment and 
rehabilitation program initiated by GDMH, 193 of them were for new construction. There 
were 27 rehabilitation program and 3 recycled program information as well.  However, the 
information from these 193 investment was used in the subsequent analysis. The investment 
locations were used along with the appraised amount. All the values were converted to 2014 
inflation adjusted values. The investment made by GDMH from 2003 to 2014 was collected 
and geocoded in ArcGIS. This information consists of investment amount, the coordinates 
and the neighborhood information.  
 
  
39 
Table 3-2 Summary of GDMH investments 
Total No. of Investment 223 
Total New Construction 193 
Total Rehabilitation Work 27 
Appraisal Amount 
Mean $118,004 
Minimum $65,000 
Maximum $140,000 
Standard Dev. $11,294 
Homebuyers Mortgage 
Amount 
Mean $95,463 
Minimum $62,500 
Maximum $122,000 
Standard Dev. $13,095 
 
Figure 3-10 shows the number of investments in each block group in the city. It is 
visible that most of the investments are consolidated in the center of the city. There are 572 
block groups in the city and the investments are distributed in only 37 block groups. This has 
a relationship with the population distribution by race in different block groups. It is 
comparable from the population distribution in the previous figure (figure 3-8 and figure 3-9) 
that blocks with a higher percentage of Hispanic or Black populations have a higher number 
of investments by GDMH. This distribution of investment can also be related to the 
neighborhood characteristics, which included as independent variables in the model 
(described in table 3-3). 
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Figure 3-10 Investment count in each block group 
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3.5. Hypotheses for this Study 
The research aims to explore the relationship between housing prices, the investments 
by GDMH in housing and proximity to public transit. However, it has been seen from past 
research that investment impact has a geographical limitation in increasing the neighboring 
house prices. At the same time, it has also been seen that proximity to public transit networks 
usually give rise to the housing price. That is why, for this research, the hypotheses were 
prepared in support of these previously seen issues. The hypotheses were- the closer the 
residential unit is to the housing investment, the higher the housing price in the surroundings 
of the residential unit; and the closer the residential unit is to public transit stop, the lower the 
housing price in the surroundings of the residential unit. However, as all other aspects are not 
always constant and positive, other aspects like social and locational attributes might be 
considered in the model. 
 
3.6. Variables for Hedonic Price Model 
For this study, the dependent variable is the 2000 and 2018 housing prices. There are 
two independent variables of interest.  The first variable of interest are the affordable housing 
investments made by the Greater Des Moines Habitat for Humanity, including their 
geographical locations, investment amount and type of investment.  
Several hedonic models were estimated for two (2) different scenarios- for before the 
investment and for after the investment, to observe the role of investment on housing price. 
The information on the public transit route and bus stops was collected from the Des Moines 
Area Regional Transit (DART). The distance to bus stops was used to determine the 
proximity to public transport from the housing units. A buffer around the location of the 
houses was created to examine how far the influence of the investment lasts. Thus, the 
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comparison between before and after scenarios provide the idea of how the variables 
(transport-related, investment-related and control variables) affect the housing prices.  
The hedonic pricing model evaluates a convenient method for estimating 
transportation-related benefits and disbenefits affecting the value of any residential property. 
This was used in order to achieve the objective of this study. Overall, the generic model for 
this study was (equation 3-1)- 
𝑃 = 𝛽0 + 𝛽1𝑆 + 𝛽2𝐼𝑁 + 𝛽3𝑇𝑅 + 𝛽4𝐶𝑁 + 𝜀. . . . . . . . . . . . . . . . . . . . . . (3 − 1) 
where, P is the housing price reported by the Assessor’s Office, S is structure-related 
variables, IN is investment on new construction, TR is the transportation-related variables, 
CN is the control variables, and ε is the disturbance term. 
The dependent variable for this model is the sales price of the houses in that specific 
year (2000 and 2018). This information was collected from the Polk County Assessor’s 
Office. The independent variables are categorized as structure-related variables, transport-
related variables, investment-related variables and other control variables that have 
significant influence on housing prices. The subsequent sections include elaborate 
description on how these variables were incorporated in the model for this study.    
As the study is focusing on the housing prices, information regarding the structure 
itself needs to be included in the model. The structural characteristics compose this category 
and include the age of the structure, condition of the structure, housing area (floor area/lot 
size), number of bathrooms and bedrooms, fireplaces, air-conditioning and number of rooms 
in the unit. Thus, the model can incorporate the price changes due to the structural condition 
and is free of biases. 
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As stated earlier, for transportation characteristics, the proximity to public transport 
and bike trails was considered. Whether the housing price has a relationship to its location 
around bus stops is one of the hypotheses of this study. A dummy variable was used for this 
purpose. A buffer around the housing unit at a defined distance was used to identify whether 
there were any bus stops within those buffer distances.  
The investment made by GDMH from 2003 to 2014 was collected and geocoded in 
ArcGIS. This information consists of investment amount, the coordinates and the 
neighborhood information. The investment amount was used to determine the large, medium 
and small investment. It was classified anything more than $100,000 as large investment, in 
between $80,000 and $100,000 as medium investment and less than $80,000 as small 
investment. The same technique was used to determine the location of the investment around 
the housing sales. A buffer around the housing unit at a defined distance was constructed and 
identified if there were any investment by the GDMH within that buffer distances. A similar 
technique was followed for investment size as well. 
However, structural variables, investment and transportation-related variables are not 
the only influencing factors in determining housing prices. Social and neighborhood 
characteristics play a significant role as well as the housing characteristics themselves. That 
is why social characteristics like availability of schools, parks, income level, races, etc. were 
also included in the model.  
The variables used in this study are summarized in the following table (table 3-3)- 
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Table 3-3 Variable names, definition and expected outcomes  
Variable Name Definition Source 
Expected 
impact  
Structural characteristics 
Area Total area of the building 
Polk County 
Assessor’s 
Office 
Positive (+) 
Bathrooms Number of bathrooms Positive (+) 
Fireplaces Number of fireplaces Positive (+) 
Bedrooms Number of bedrooms Positive (+) 
Families Number of families living in the building Negative (-) 
Air condition 
Air conditioning available in the unit 
(100 if fully air-conditioned)  
Negative (-) 
Age Building age (calculated through 2018) Negative (-) 
Transport characteristics 
Tr30 
Presence of DART bus stops within 30 m 
(1 if yes, 0 otherwise) 
DART 
Negative (-) 
Tr60 
Presence of DART bus stops within 60 m 
(1 if yes, 0 otherwise) 
Negative (-) 
Tr90 
Presence of DART bus stops within 90 m 
(1 if yes, 0 otherwise) 
Negative (-) 
Tr120 
Presence of DART bus stops within 120 
m (1 if yes, 0 otherwise) 
Positive (+) 
Tr150 
Presence of DART bus stops within 150 
m (1 if yes, 0 otherwise) 
Positive (+) 
Tr300 
Presence of DART bus stops within 300 
m (1 if yes, 0 otherwise) 
Positive (+) 
Tr500 
Presence of DART bus stops within 500 
m (1 if yes, 0 otherwise) 
Negative (-) 
BkTrl500 
Presence of any trails within 1500m of 
the house (1 if yes) 
City of Des 
Moines 
Positive (+) 
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Table 3-3 Continued 
 
Variable Name Definition Source 
Expected 
impact  
Investment characteristics 
Inv30 
Presence of GDMH investment 
within 30m (1 if yes, 0 otherwise) 
Greater Des 
Moines 
Habitat for 
Humanity 
(GDMH) 
Positive (+) 
Inv60 
Presence of GDMH investment 
within 60m (1 if yes, 0 otherwise) 
Positive (+) 
Inv90 
Presence of GDMH investment 
within 90m (1 if yes, 0 otherwise) 
Positive (+) 
Inv120 
Presence of GDMH investment 
within 120m (1 if yes, 0 otherwise) 
Positive (+) 
Inv150 
Presence of GDMH investment 
within 150m (1 if yes, 0 otherwise) 
Positive (+) 
Inv300 
Presence of GDMH investment 
within 3000m (1 if yes, 0 otherwise) 
Positive (+) 
Inv500 
Presence of GDMH investment 
within 500m (1 if yes, 0 otherwise) 
Positive (+) 
Investment 
Presence of investment in a block 
group (1 if yes, 0 otherwise) 
Positive (+) 
Neighborhood Characteristics 
School1500 
Presence of schools within 1500m (1 
if yes, 0 otherwise) 
City of Des 
Moines 
Negative (-) 
Parks500 
Parks within 500m of the house (1 if 
yes, 0 otherwise) 
Positive (+) 
Parks1000 
Parks within 1000m of the house (1 if 
yes, 0 otherwise) 
Negative (-) 
White 
Number of white people in the block 
group American 
Community 
Survey 5-
year estimate 
Positive (+) 
Black 
Number of Black people in the block 
group 
Negative (-) 
Median income 
Median income in the past 12 months 
(2010 inflation-adjusted dollars) 
Positive (+) 
 
 Apart from the variables listed above, buffers around the housing locations were 
created at different distances to identify the changes due to the bus stop and investment 
effects. A number of models were constructed and run to see the effects of each variable on 
housing price and to identify the best possible model. 
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Analytically, the hedonic equation with the investment is defined as follows: 
𝑌𝑗 = 𝛽0 + 𝛽1. 𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 + 𝛽2. 𝐹𝑖𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑠 + 𝛽3. 𝐵𝑎𝑡ℎ𝑟𝑜𝑜𝑚𝑠 + 𝛽4. 𝐹𝑎𝑚𝑖𝑙𝑖𝑒𝑠 + 𝛽5. 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛
+ 𝛽6. 𝑎𝑖𝑟𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 + 𝛽7. 𝑎𝑔𝑒 + 𝛽8. 𝑚𝑒𝑑𝑖𝑎𝑛
+ ∑ 𝛽9. 𝑇𝑟𝑖 + ∑ 𝐼𝑛𝑣𝑖
𝑖
+ 𝛽10. BkTrl500
𝑖=30,60,90,
120,150,
180,210,
300,500
+ 𝛽11. 𝑆𝑐ℎ𝑜𝑜𝑙1500
+ 𝛽12. 𝑃𝑎𝑟𝑘𝑠500 + 𝛽13. 𝑃𝑎𝑟𝑘𝑠1000 + 𝛽14. White + 𝛽15. 𝐵𝑙𝑎𝑐𝑘 + 𝛽16. 𝐻𝑖𝑠𝑝𝑎𝑛𝑖𝑐
+ 𝜀0 … … … (3 − 2) 
For 2018, with the introduction of investments by GDMH, the investment variables 
are included in this functional form. Thus, the equation becomes: 
𝑌𝑗 = 𝛽0 + 𝛽1. 𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 + 𝛽2. 𝐹𝑖𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑠 + 𝛽3. 𝐵𝑎𝑡ℎ𝑟𝑜𝑜𝑚𝑠 + 𝛽4. 𝐹𝑎𝑚𝑖𝑙𝑖𝑒𝑠 + 𝛽5. 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛
+ 𝛽6. 𝑎𝑖𝑟𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 + 𝛽7. 𝑎𝑔𝑒 + 𝛽8. 𝑚𝑒𝑑𝑖𝑎𝑛
+ ∑ 𝛽9. 𝑇𝑟𝑖 + ∑ 𝐼𝑛𝑣𝑖
𝑖=150,300,500
+ 𝛽10. BkTrl500
𝑖=30,60,90,
120,150,
180,210,
300,500
+ 𝛽11. 𝑆𝑐ℎ𝑜𝑜𝑙1500
+ 𝛽12. 𝑃𝑎𝑟𝑘𝑠500 + 𝛽13. 𝑃𝑎𝑟𝑘𝑠1000 + 𝛽14. White + 𝛽15. 𝐵𝑙𝑎𝑐𝑘 + 𝛽16. 𝐻𝑖𝑠𝑝𝑎𝑛𝑖𝑐
+ 𝜀0 … … … (3 − 3) 
In the equation, 𝑌𝑗 is the dependent variable, which is the housing sale price reported 
by the Assessor’s Office. j represents the year in which it was sold, in this case it is 2000 and 
2018.  𝛽𝑘 are the model parameters that indicate the variation on the expected value of Y, due 
to the variation of one unit in an independent variable, when all the other independent 
variables in the model remain constant. 𝜀0 is the random term (or disturbance term), which 
represents all the variables with explainable power over the dependent variable not included 
in the model. To find “good” estimators of regression parameters, the least squares method 
was used in this study. 
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3.7. Data Preparation 
It has been already stated that the study is focused on determining the effect of 
investment by GDMH and the presence of public transit stops within a range of an existing 
housing unit. That is why housing sales in 2000 were selected to identify the scenario before 
the investment took place. The investment data is from 2003 to 2014, and it takes around two 
(2) years to visualize the impact of new construction due to the investment. That is why 2018 
was selected to identify the effect scenario. The following figure (figure 3-11) shows the 
housing sales in 2000 and 2018 in the City of Des Moines. The sales information was 
collected from the Polk County Assessor’s Office and geocoded in ArcGIS. For the year 
2000, there were 4,756 housing sales in the City of Des Moines, whereas for the year 2,018, 
this number was 4,717. 
The transit network and bus stop information were collected from the Des Moines 
Area Regional Transit agency.  The data for 2000 was not available, the 2006 data were used 
instead, as it did not change much over the years. The investment information from 2003 to 
2014 was provided by the GDMH and was geocoded.  The bus stops with the transit route 
and the investment locations are shown in figure 3-12.   
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Figure 3-11 Housing sales in the year 2000 and 2018 in the City of Des Moines 
Housing Sale, 2000 Housing Sale, 2018 
 
4
9
 
 
Figure 3-12 GDMH investment locations and DART routes and stops 
GDMH Investment DART Stops 
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To identify whether the bus stops or a new investment is within the distance of a 
housing unit, a buffer around the housing units was created. Using the buffer and spatial 
selection techniques, the presence of bus stops and investment locations within the defined 
distances were calculated. For this study, buffer distances considered were 30m, 60m, 90m, 
120m, 150m, 300m and 500m. The number of bus stops or new investments around the 
housing units at a closer distance was significantly low in both years. Figure 3-13 shows the 
buffer around the bus stops and investments by GDMH. Similarly, the investment at block 
groups were identified. If a block group have investments in it, the housing units within those 
block groups were assigned a value of 1, otherwise zero. 
After successfully estimated the models for each distances for both 2000 and 2018, 
the Oaxaca Decomposition method was used to identify the gaps between the mean outcome 
of the variables. This technique helps in identifying how much each of the variables are 
responsible for in housing price changes. Oaxaca Decomposition is statistical technique that 
describes the difference in the means of a dependent variable between two groups. It 
considers the differences between mean values of the independent variables within any 
specific group and the differences in the effects of the independent variable (Owen, 2008). 
This method helps in explaining the differences of an outcome variable between two groups 
(O’Donnell et al., 2008). This techniques aims at explaining how much of the mean outcome 
differences across two groups is caused by the explanatory variables, and how much is due to 
differences in the magnitude of regression coefficients (Hlavac, 2014).  
The output from the Oaxaca decomposition has been incorporated in the following 
chapter (section 4.4) 
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Figure 3-13 Buffer distance around GDMH investment locations and DART stops
GDMH Investment DART Routes and Stops 
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3.8. Summary 
The overview of Habitat for Humanity and the Greater Des Moines Habitat for 
Humanity was important in forming the research questions, the hypothesis and the research 
direction of this study. The idea and data collected from GDMH helped in working with the 
hedonic price model is discussed in this chapter. The variables and their categorization were 
included as well. These are the variables which were used in the following chapter to 
estimate the hedonic equation and to test the hypothesis. The categorization of the variables 
and their description helps in understanding what the role of each variable group was and 
why those were used in this study. Lastly, the information on the study area (the City of Des 
Moines) was necessary to understand the area in which the work is going to be done. The 
demographic profile was prepared for the City of Des Moines. The mapping of the 
population in each block group based on major racial classes was done. Maps were prepared 
that helped in understanding the distribution of GDMH investments throughout the city. 
These maps helped in understanding the concentration of investments in different block 
groups and the buffer distances considered for the analysis of the study. 
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CHAPTER 4.    RESULTS AND DISCUSSIONS 
This chapter includes data analysis, results, and interpretation of the results. It starts 
with some basic descriptive statistics of the data that were used for the analysis, followed by 
the hedonic model for the before investment scenario. Several models were calibrated for the 
year 2000, and all of them were incorporated in this chapter. Then the models for 2018 were 
constructed with the investment variable. After that, the findings were interpreted with 
consistency to the initial prediction. 
 
4.1. Descriptive Statistics 
For this study, both 2000 and 2018 housing sales information was used. Therefore, 
the sample is composed of two different datasets. For the year 2000, there were 4,756 
housing sales in the City of Des Moines, whereas, for the year 2018, this number was 4,717. 
All these observations were used in the subsequent data analysis. There are 572 block groups 
in the City of Des Moines. The information on neighborhood characteristics was collected at 
the block group level from the Census Bureau and used collectively with the housing sales 
information. Table 4-1 provides a summary of the structural characteristics and neighborhood 
characteristics used as independent variables in this study. 
The mean housing price in 2018 was around $139,864. However, the high dispersion 
indicates that the housing price deviated significantly. The same thing is noticeable for the 
total land area as well. The dispersion is significantly high. The mean age of the houses 
indicates that most of the houses are old and were built in the 50s. The mean income has a 
significant deviation from what it has been listed, on the city website, although the value is 
still significantly higher than the national average.  
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Table 4-1 Descriptive statistics of the variables from 2000 and 2018 
Variable Name 
2000 2018 
Mean Std. Dev Mean Std. Dev 
Price 84,981 58,852 139,864 95,615 
Area (sq. ft) 10,489 27,663 11,902 68,309 
Bathrooms 1.26 0.51 1.38 0.61 
Fireplaces 0.29 0.52 0.30 0.53 
Bedrooms 2.62 0.93 2.69 0.86 
Total rooms 5.30 1.68 5.34 1.57 
Families 0.99 0.32 1.03 0.20 
Air conditioning 63.74 48.07 82.4 37.98 
Building age 77.19 29.36 72.2 42.53 
Total population 480.3 213.8 1,337 884.1 
White 423.9 209.2 1,056 746.1 
Black 29.03 49.05 111.5 127.7 
Asian 10.56 10.90 60.44 83.76 
Hispanic 9.75 11.98 146.2 136.9 
Median income 41,136 12,614 50,396 16,919 
 
Compared to 2018, the mean housing price was significantly lower, with a lower 
dispersion in 2000. However, one difference is noticeable between the two datasets. It is the 
building age. For 2000, the mean building age is higher than the mean building age in 2018. 
It may reflect the supply side of the housing, with a higher number of new houses built and 
sold after 2000. Apart from the building age and price, all the other structural characteristics 
seemed to be consistent and close together over the years. One neighborhood characteristic 
changed over the years, and that is median income. It was around $41,136 in 2000 (table 4-
1), which increased to more than $50,000 in 2018.  
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4.2. Hedonic Price Models for Investment at Block Groups 
As described in chapter 3, a hedonic price model was constructed for 2000, before the 
investment took place. It helps in identifying the potential impact of investment on housing 
prices. The potential form of the 2000 hedonic equation was discussed in chapter 3 (equation 
3-2). The variables listed in chapter 3 were used in constructing the model. As the structural 
characteristics are closely related, the test of multicollinearity was performed before using 
the attributes in the model. The result from the test of multicollinearity for the year 2000 is 
shown below in table 4-2. 
Table 4-2 Multicollinearity test between structural characteristics (2000) 
 Bathrooms Whirlpools Hot tubs Fireplaces Bedrooms Rooms Families 
Bathrooms 1       
Whirlpools 0.16 1      
Hot tubs -0.01 -0.002 1     
Fireplaces 0.38* 0.141 -0.012 1    
Bedrooms 0.33* 0.064 -0.014 0.21 1   
Rooms 0.37* 0.101 -0.004 0.28 0.71* 1  
Families 0.28 0.003 0.001 0.023 0.17 0.20 1 
*The highlighted values indicate a moderate to higher correlation among variables 
The test indicates that the attributes “rooms” and “bedrooms” are highly correlated. 
Therefore, the presence of both these attributes in the model is not reasonable. As the number 
of bedrooms is the variable used most in the past studies, it is used in this study as well. The 
presence of fireplaces has a significant role in Iowa. Furthermore, as GDMH tries to ensure 
affordable housing, whirlpools and hot tubs are not a mandatory requirement and therefore, 
kept out of the equation. 
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This hedonic model includes transportation-related variables, that means the presence 
of bus stops within a certain distance of the housing units. That is why, to identify the role of 
these variables on the housing prices, several models were prepared. One initial model was 
prepared with all the variables in it. Afterward, several models were prepared with only one 
transportation variable. As these models are multiple linear regression models, the 
determination of significance is important, which allows checking if the multiple linear 
regression model is globally significant. The R2 (coefficient of determination) is the statistic 
used to measure the effect of the explanatory variables in reducing the variation of Yi, i.e., in 
reducing the uncertainty associated with the prediction of Yi. Otherwise, the R
2 measures the 
percentage or proportion of total variation of Yi explained by the model. Adding more 
variables to the regression model can only increase the R2.  
Table 4-3 incorporates all the models with one transportation-related variable at a 
time for the year 2000. The distances between bus stops and houses were calculated in 
ArcGIS and the variables were assigned value based on their distances. The investment 
information was assumed existed at the block group level. A dummy variable was used 
regarding the presence of investment in the block groups. All the individual models with only 
one transportation-related variable and investment at block group level showed a higher R2 
value (approx. 0.57). The models are well fit to explain the variability of the housing price. 
Therefore, these models can be considered representative for the data.  
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Table 4-3 Coefficients for the variables in models with block group investment (year 2000) 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Constant -13,609** -13,390** -13,055** -13,038** -13,053** -12,259** -11,624** 
Variable of interest 
Transport-related variables 
Transit stop within 30m -4,243       
Transit stop within 60m  -4,423*      
Transit stop within 90m   -4,068**     
Transit stop within 120m    -2,437*    
Transit stop within 150m     -2,098**   
Transit stop within 300m      -2,814**  
Transit stop within 500m       -2,946** 
Investment-related variable 
Dummy for block group 
investment  
-3,949** -3,997** -4,057** -4,008** -4,013** -4,368** -4,197** 
Control variable 
Structural characteristics 
Bathrooms 25,796*** 25,767*** 25,775*** 25,736*** 25,716*** 25,760*** 25,892*** 
Fireplaces 27,663*** 27,662*** 27,674*** 27,686*** 27,644*** 27,479*** 27,586*** 
Bedrooms 6,645*** 6,657*** 6,670*** 6,671*** 6,679*** 6,667*** 6,638*** 
No. of families -6,742*** -6,734*** -6,624*** -6,600*** -6,595*** -6,594*** -6,758*** 
Air conditioning 144.4*** 144*** 143.4*** 143.6*** 143.9*** 144.6*** 145.3*** 
Building age -222.7*** -223.8*** -224.6*** -224.3*** -224.3*** -225.6*** -216.2*** 
Total land area (sq. ft) 0.5*** 0.5*** 0.5*** 0.5*** 0.5*** 0.49*** 0.49*** 
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Table 4-3 Continued 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Neighborhood-related variables 
Population (White) 22.6*** 22.6*** 22.3*** 22.4*** 22.2*** 21.5*** 22.3*** 
Population (Black) -15.9 -15.4 -13.2 -15.4 -14.8 -11.4 -15.8 
Parks within 500m 1,856* 1,910* 1,908* 1,909* 1,869* 1,830 1,798 
Parks within 1000m 1,936 1,764 1,863 1,858 1,907 2,111 2,048 
Schools within 1500m -3,109 -2,977 -2,785 -2,772 -2,721 -1,724 -1,148 
Bike trails within 1500m 2,321 2,416 2,233 2,156 2232 2423 2,637 
Median income 0.95*** 0.95*** 0.94*** 0.94*** 0.94*** 0.93*** 0.94*** 
Summary of outputs 
R2 0.567 0.567 0.567 0.567 0.567 0.567 0.574 
Jarque-Bera (J-B) test 7205,540*** 7209,499*** 7207,847*** 7261,927*** 7251,039*** 7254,126*** 7284,240*** 
Breusch-Pagan test 49,956*** 49,947*** 49,974*** 49,881*** 49,867*** 49,743*** 49,934*** 
Koenker-Bassett test 520.5*** 520.3*** 520.6*** 517.7*** 517.9*** 516.5*** 517.5*** 
Significance codes: 0.1 *, 0.05 **, 0.01 *** 
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 Table 4-3 shows the hedonic models for the year 2000 with block group investments 
and transit stops at a specific distances as the variables of interest. It also included 
neighborhood-related variables and structural characteristics as the control variables of these 
models. The dummy variable for investment at block group showed a statistically significant 
relationship with the dependent variable, housing prices. The relationship between the 
housing prices and investment at block group found to be negative. The other variable of 
interest was the presence of transit stops within a specified distance of the house. The 
relationship between transit stop presence and housing price was negative as well in all the 
models. The negative relationship was higher at closer distances. That means the housing 
prices were lower when the distance considered was smaller.  
Table 4-4 shows the hedonic models for the year 2018 with block group investments 
and transit stops at a specific distances as the variables of interest. Similar to the 2000 
models, the relationship between block group investment and housing prices found to be 
negative in the year 2018 as well.  The difference between both years is that the magnitude of 
this negative relationship has become stronger over the study period. The magnitude of this 
change has been discussed in depth in the following sections, especially with the help of 
Oaxaca Decomposition method.  
One significant difference is noticeable between these models for both years. In 2018, 
the transport-related variables showed a different result then those in 2000 models. In 2018, 
the relationship between housing price and distance to transit stop was not significant up to 
90 m of distances. After that the relationship was negative. the relationship was opposite to 
those of 2000, lower at smaller distances. 
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Table 4-4 Coefficients for the variables in the 2018 model with block group investment 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Constant -8,311 -8,311 -8,400 -7,542 -7,542 -3,564 -2,711 
Variable of interest 
Transport-related variables 
Transit stop within 30m 1,880       
Transit stop within 60m  1,880      
Transit stop within 90m   -1,224     
Transit stop within 120m    -5,374**    
Transit stop within 150m     -5,374**   
Transit stop within 300m      -11,099***  
Transit stop within 500m       -10,055*** 
Investment-related variable 
Dummy for block group 
investment 
-22,579*** -22,579*** -22,628*** -22,584*** -22,584*** -23,452*** -23,879*** 
Control variables 
Structural characteristics 
No. of bathrooms 52,088*** 52,088*** 52,070*** 51,935*** 51,935*** 51,654*** 51,844*** 
Fireplaces 50,502*** 50,502*** 50,547*** 50,666*** 50,666*** 50,564*** 50,186*** 
No. of bedrooms 10,899*** 10,899*** 10,931*** 10,984*** 10,984*** 11,389*** 11,165*** 
Families -38,607*** -38,607*** -38,145*** -37,187*** -37,187*** -37,247*** -37,721*** 
Air condition 284*** 284*** 283*** 282*** 282*** 281*** 284*** 
Building age -101*** -101*** -101*** -99*** -99*** -0.94*** -95.6*** 
Total land area (sq. ft) 0.31*** 0.31*** 0.31*** 0.31*** 0.31*** 0.31*** 0.31*** 
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Table 4-4 Continued 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Neighborhood-related variables 
Population (White) 0.009 0.009 -0.003 -0.2 -0.2 -0.98 -1.12 
Population (Black) -7.67 -7.67 -7.77 -7.46 -7.46 -5.56 -5.86 
Parks within 500m 7,195*** 7,195*** 7,195*** 7,083*** 7,083*** 6,107** 6,492*** 
Parks within 1000m -3,079 -3,079 -3,087 -2,609 -2,609 -536 -1,593 
Schools within 1500m 6,036** 6,036** 6,133** 6,409** 6,409** 7,620** 8,478** 
Bike trail within l500m 8,210 8,210 8,086 7,496 7,496 6,881 8,676 
Median income 0.84*** 0.84*** 0.84*** 0.83*** 0.83*** 0.8*** 0.81*** 
Summary of outputs 
R2 0.53 0.53 0.53 0.53 0.53 0.54 0.53 
Jarque-Bera (j-B) test  193,581*** 193,581*** 193,097*** 192,226*** 192,226*** 187,607*** 189,643*** 
Breusch-Pagan test 20,905*** 20,905*** 20,884*** 20,876*** 20,876*** 20,690*** 20,479*** 
Koenker-Bassett test 1,280*** 1,280*** 1,280*** 1,282*** 1,282*** 1,285*** 1,266*** 
Significance codes: 0.1 *, 0.05 **, 0.01 *** 
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4.3. Hedonic Price Models for Investment at Specific Distances 
Similar to the model for the year 2000, a test of multicollinearity was performed 
between the structural characteristics for housing sales in 2018 (shown in table 4-5). Some of 
the structural characteristics are closely related, the test of multicollinearity was performed 
before using the attributes in the model. The result from the test of multicollinearity for the 
year 2000 is shown below in table 4-5. For example, the total number of rooms and 
bedrooms were found to be highly correlated and that is why in performing the afterwards 
model construction one of these variables were left out of the model. 
Table 4-5 Multicollinearity test between structural characteristics (2018) 
  Bathrooms Whirlpools Hot tubs Fireplaces Bedrooms Rooms Families 
Bathrooms 1             
Whirlpools 0.17 1           
Hot tubs 0.03 0.06 1         
Fireplaces 0.41* 0.16 0.05 1       
Bedrooms 0.53* 0.06 0.01 0.24 1     
Rooms 0.54* 0.09 0.02 0.31* 0.81* 1   
Families 0.55* 0.02 0 0.11 0.59* 0.63* 1 
*The highlighted values indicate a moderate to higher correlation among variables 
Table 4-6 shows all the models with one transportation-related variable and one 
investment-related variable at specific distances at a time for the year 2000. The distances 
between bus stops, investment locations and housing units were calculated in ArcGIS and the 
variables were assigned value based on their distance. All the individual models with only 
one transportation-related and investment-related variable showed a higher R2 value (approx. 
0.57). The models are well fit to explain the variability in the housing prices. Therefore, these 
models can be considered representative for the data. 
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Table 4-6 Coefficients for the variables in the 2000 models with investment at specific distances 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Constant -13,609** -13,390** -13,056** -13,038** -13,053** -12,259* -11,624* 
Variable of interest 
Transport-related variables 
Transit stop within 30m -4,020             
Transit stop within 60m   -4,747**           
Transit stop within 90m     -4,508**         
Transit stop within 120m       -2,720**       
Transit stop within 150m         -2,389**     
Transit stop within 300m           -3,279**   
Transit stop within 500m             -2,999** 
Investment-related variables 
Dummy for buffered investment 30m -1,608             
Dummy for buffered investment 60m   -736.9           
Dummy for buffered investment 90m     -2,532         
Dummy for buffered investment 120m       -422.5       
Dummy for buffered investment 150m         -448.6     
Dummy for buffered investment 300m           -1,256   
Dummy for buffered investment 500m             -2,643 
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Table 4-6 Continued 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Control variables 
Structural characteristics 
No. of bathrooms 25,797*** 25,767*** 25,776*** 25,736*** 25,716*** 25,760*** 25,892*** 
Fireplaces 27,664*** 27,663*** 27,675*** 27,687*** 27,645*** 27,479*** 27,586*** 
No. of bedrooms 6,645*** 6,658*** 6,670*** 6,671*** 6,679*** 6,667*** 6,637*** 
Families -6,742*** -6,734*** -6,724*** -6,600*** -6,595*** -6,595*** -6,757*** 
Air condition 144.4*** 144*** 144*** 143.6*** 143.9*** 144.6*** 144*** 
Building age -223*** -224*** -225*** -224.3*** -224.3*** -225.6*** -216.2*** 
Total land area (sq. ft) 0.49*** 0.49*** 0.5*** 0.49*** 0.49*** 0.49*** 0.49*** 
Neighborhood-related variables 
Population (White) 22.6*** 22.6*** 22.3*** 22.4*** 22.2*** 21.5*** 21*** 
Population (Black) -15.9 -15.4 -13.2 -15.4 -14.9 -11.4 -10.2 
Parks within 500m 1,856 1,910 1,908 1,909 1,868 1,830 1,742 
Parks within 1000m 1,935 1,764 1,862 1,585 1,907 2,111 2,109 
Schools within 1500m -3,109 -2,977 -2,785 -2,772 -2,721 -1,724 -1,552 
Bike trail within l500m 2,321 2,416 2,233 2,156 2,232 2,423 2,565 
Median income 0.95*** 0.95*** 0.94*** 0.94*** 0.94*** 0.93*** 0.92*** 
Summary of outputs 
R2 0.57 0.57 0.57 0.574 0.574 0.57 0.57 
Jarque-Bera (J-B) test 7565,109*** 7571,343*** 7570,964*** 7631,236*** 7619,854*** 7629,343*** 7656,808*** 
Breusch-Pagan test 51,956*** 51,954*** 51,989*** 51,909*** 51,889*** 51,756*** 51,889*** 
Koenker-Bassett test 528*** 528*** 529*** 526*** 526*** 524*** 525*** 
Significance codes: 0.1 *, 0.05 **, 0.01 ***  
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Table 4-6 shows the hedonic models for the year 2000 with investments and transit 
stops at a specific distances as the variables of interest. None of the dummy variable for 
investment at distances showed any statistically significant relationship with the dependent 
variable, housing prices. That indicates that there was no significant relationship between the 
housing prices and investment in 2000. The other variable of interest was the presence of 
transit stops within a specified distance of the house. The relationship between transit stop 
presence and housing price was negative and statistically significant. The negative 
relationship was higher at closer distances. That means the housing prices were lower when 
the distance to transit stops was smaller. The variables used to identify the relationship 
between parks and housing price was not found significant, which was the same in the case 
of proximity to a school. 
Table 4-7 shows the hedonic models for the year 2018 with investments and transit 
stops at a specific distances as the variables of interest. Unlike the 2000 models, the 
relationship between investment and housing prices found to be statistically significant and 
the relationship was negative in the year 2018.  The magnitude of this negative relationship 
has become stronger with the increase of distance. The difference between the years indicate 
that there have been some changes due to the implementation of these investment units in the 
city. 
One significant difference is noticeable between these models for both years. In 2018, 
the transport-related variables showed a different result then those in 2000 models. In 2018, 
the relationship between housing price and distance to transit stop was not significant up to 
90 m of distances. After that the relationship was negative. the relationship was opposite to 
those of 2000, lower at smaller distances.   
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Table 4-7 Coefficients for the variables in the 2018 models with investment at specific distances 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Constant -14,218 -13,806 -13,764 -12,660 -12,131 -5,024 2,280 
Variable of interest 
Transport-related variables 
Transit stop within 30m 2,3412       
Transit stop within 60m  2,328      
Transit stop within 90m   -563     
Transit stop within 120m    -5,164**    
Transit stop within 150m     -4,881**   
Transit stop within 300m      -9,691***  
Transit stop within 500m       -8,442*** 
Investment-related variables 
Dummy for buffered investment 30m -17,863**       
Dummy for buffered investment 60m  -21,668**      
Dummy for buffered investment 90m   -18,045**     
Dummy for buffered investment 120m    -17,461***    
Dummy for buffered investment 150m     -23,057***   
Dummy for buffered investment 300m      -27,266***  
Dummy for buffered investment 500m       -27,805*** 
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Table 4-7 Continued 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Control variables 
Structural characteristics 
No. of bathrooms 51,732*** 51,673*** 51,702*** 51,582*** 51,694*** 51,826*** 51,814*** 
Fireplaces 51,217*** 51,198*** 51,189*** 51,178*** 51,040*** 50,264*** 49,568*** 
No. of bedrooms 11,030*** 11,020*** 11,043*** 11,102*** 11,046*** 11,412*** 11,030*** 
Families -36,926*** -37,145*** -36,831*** -36,271*** -36,912*** -37,358*** -38,799*** 
Air conditioning 302.2*** 301.5*** 299.8*** 296.03*** 291.6*** 276.6*** 277.4*** 
Building age -125.65*** -124.64*** -124.2*** -119.2*** -114.9*** -96.95*** -86.01*** 
Total land area (sq. ft) 0.309*** 0.309*** 0.309*** 0.31*** 0.31*** 0.306*** 0.305*** 
Neighborhood-related variables 
Population (White) 1.35 1.18 1.10 0.62 0.1 -1.06 -0.99 
Population (Black) -34.7*** -32.8*** -32.4*** -26.9** -19.5** -7.65 -9.7 
Parks within 500m 7,207*** 7,139*** 7,085*** 6,817*** 6,760*** 5,881** 5,891** 
Parks within 1000m -2,962 -2,719 -2,678 -1,885 -1,448 -2281 -2,308 
Schools within 1500m 5,295* 5,298 5,388* 5,879* 5,998* 7,482** 7,896** 
Bike trail within l000m 8,404 8,445 8,403 7,683 7,805 6,927 9,018 
Median income 0.887*** 0.884*** 0.882*** 0.87*** 0.87*** 0.82*** 0.77*** 
Summary of outputs 
R2 0.527 0.527 0.528 0.529 0.53 0.54 0.54 
Jarque-Bera (J-B) test 186,994*** 187,905*** 187,304*** 186,725*** 188,173*** 187,693*** 193,876*** 
Breusch-Pagan test 20,721*** 20,772*** 20,746*** 20,710*** 20,753*** 20,646*** 20,573*** 
Koenker-Bassett test 1,289.9*** 1,290.06*** 1,290.4*** 1,289.9*** 1,287.8*** 1,282*** 1,257.9*** 
Significance codes: 0.1 *, 0.05 *’, 0.01 ***  
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 4.4. Housing Price and Independent Variables (Year 2000) 
From the models listed and estimated in table 4-3, all the structural characteristics 
were found to be statistically significant. All the models suggested that the total number of 
bedrooms and bathrooms in the unit has a significant relationship with the housing price and 
it is positive. However, it is important to notice that the number of families living in the 
house have a negative relationship with the housing price. This means that with the increase 
of the number of families living in the housing, the housing price will decrease. The 
coefficients of building age are negative in all the models. This suggests that with the 
increase of building age, the price decreases. However, the decrease may not always be 
linear. In the case of land area, it can be seen the price increases marginally with the increase 
of per square foot land area.  
One significant factor that influences the housing price is the income of the household 
or person buying the house. All the models indicate that every dollar increase in the median 
income will give rise to housing price at almost a same rate (it is nearly proportional to that 
area’s median income). This indicates that people tend to buy more expensive housing units 
with the increase of their median income. This might be due to the relation with the increased 
affordability or ability to pay a higher mortgage, among others. For other neighborhood 
characteristics, the presence of parks and schools were used along with the racial distribution 
of the population. None of the models showed any significant evidence of any relationship 
between housing price and presence of parks and schools within the defined distances. 
However, the models indicated that an increase in the white population in any block groups 
increased the housing prices, whereas the opposite happens when the block groups see 
increase of black populations in it. 
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To identify the impacts of proximity to bus stops, several buffer distances were 
created. Most of the distances showed a significant relationships with the price. It was 
noticeable from all the models that proximity to bus stops does not necessarily influence the 
housing prices in a positive way as it was noticed in various past studies. All the coefficients 
of all the transport related variables were negative. The coefficients of transport-related 
variables were higher at smaller distances. This indicates that the lower the distance between 
the transit stop and housing unit, the lower the price. That is a favorable situation for the 
people in need of affordable housing. 
Even though in 2000 there was no GDMH investment, the regression models had a 
dummy for investment based on the location of 2003-2014 investments to test the 
relationship between housing price and investment. Also, models were estimated with a 
dummy variable for investment at the block groups. From the estimated models, it is 
noticeable that the presence of investment within the defined distance did not have any 
significant relationship with the dependent variable, housing prices. However, the dummy for 
investment at block groups showed a negative relationship with the housing prices. The price 
of the houses decreases as it gets distant from the investment location. At the same time, the 
rate of decrease tends to be same after a certain distance. 
 
4.5. Housing Price and Independent Variables (Year 2018) 
Similar to the 2000 model, structural characteristics had a significant influence on the 
housing prices in the 2018 model. All the model indicated that the presence of an additional 
bedroom or bathroom effect the housing price positively, whereas the increase of families 
living in the building causes a reduction in the price. Similarly, the presence of one fireplace 
results in a significant increase in the housing price. The building age has an opposite 
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relationship with housing price. With the increase of building age, the price decreases. One 
significant aspect is the land area and how that influences the housing price. From the result, 
it is perceptible that increase of land area results in increase of housing prices (table 4-6).  
Distance to schools and parks were considered as one of the most important 
neighborhood characteristics. For school, 1500m was considered as a cut-off distance, as 
most of the school districts do not provide school buses if someone lives within this distance. 
So, this absence of a school bus service this might have a negative impact on the housing 
prices. However, the empirical results show that the price of a housing unit goes up if the 
house is within the defined 1500m distance (table 4-7). The same thing applies for parks as 
well. The prices increase if the house is within 500m of any parks. Most of the neighborhood 
characteristics have a positive relationship with the housing price in all the empirical models.  
A significant part of this study focuses on identifying the relationship between public 
transit proximity and housing prices. From the analysis, it is evident that with the increase of 
distance from the bus stops, the housing prices start to decrease. When the distance is less 
than 100m, the influence seemed to be positive, but it gradually starts to be negative 
afterwards. The rate of this decrease is also proportional with the distance. However, nothing 
conclusive can be seen in the case of bike trails. The variable with the presence of bike trails 
within the defined range did not show any statistical significance regarding it being related to 
the housing price. 
The relationship between the GDMH investment and housing prices is one of the 
major objectives of this study. From the estimated models, it is noticeable that the 
relationship between the presence of investment within a defined distance and housing prices 
is negative. Also, the price of the houses decreases as it gets distant from the investment 
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location. At the same time, the rate of decrease tends to be same after a certain distance. At 
300m and 500m distances, the rate of price decrease is nearly the same. This indicates the 
fact that after a certain distance the investment does not have any relationship with the 
housing prices. The geographic constraints of the investment relationship with housing price 
is also similar in 2000, as well (figure 4-1). 
 
Figure 4-1 Distance and investment coefficient relationship 
 
4.6. Oaxaca Decomposition between 2000 and 2018 
Oaxaca’s Decomposition is a statistical method that explains the difference in the 
means of a dependent variable between two groups. It does this by decomposing the gap into 
that part that is due to differences in the mean values of the independent variable within the 
groups, on the one hand, and group differences in the effects of the independent variable, on 
the other. For this study, 2000 and 2018 were considered as two different groups; Oaxaca’s 
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Decomposition was used to see the difference between the housing price and the independent 
variables. This relationship can be expressed as follows in equation 4-1- 
𝑌2018 − 𝑌2000 = ∆𝑥𝑖.𝛽2000 + ∆𝛽𝑖𝑥2018 … … … (4 − 1) 
Where, 𝑌2018 is the mean of housing prices in 2018, 𝑌2000 is the mean of housing 
prices in 2000, ∆𝑥𝑖 is the difference between the mean values of the individual independent 
variables, i is the independent variables, 𝛽2000 is the coefficient of individual independent 
variables in 2000, ∆𝛽𝑖 is the difference in coefficients of individual independent variables. 
For each of the variables in the models, the difference can be calculated using the 
above-mentioned equation. For example, the total changes in housing prices from 2000 to 
2018 was $54,883. Among this changes in mean housing prices, $9055.49 is caused by the 
changes in building ages (placing the values in equation 4-1). The Oaxaca Decomposition 
test was performed separately on the models estimated for both investment at block groups 
and investment at specific distances.  
The Oaxaca Decomposition provides an idea on how the market values on group over 
another, and how the independent variables would have changed naturally, even if there were 
reinforcements. The results for each of the decomposition tests are discussed in the following 
sections. Table 4-8 displays the result from the decomposition test performed on the models 
with block group investment. Table 4-9 shows the result with models with investment at 
specific distances from the housing units.  
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Table 4-8 displays the result from the decomposition test performed on the models 
with block group investment. The value for the dummy for block group investment showed 
that the overall changes caused by the block group investment would have been around 
$2,937. The value for the explanatory variable part indicated that if there were no changes, 
just because of the changes of time, the presence of investment in the block group would 
have increased the housing price by around $120. However, the regression coefficients from 
the estimated models showed that the market valuation of the block group investment is 
negative. That is why there would have been a decrease of housing prices by $3,056 based on 
the estimation of how the market estimated the value of investment presence at the block 
group. Therefore, the dummy for investment at block group would cause a price reduction of 
$2,937 from 2000 to 2018. 
The other variable of interest was proximity to transit stops. Market valuation of 
proximity to transit stops was positive in changing the housing prices when the housing unit 
is within a certain distance from the bus stop. Although the valuation of transit proximity was 
positive at closer distances, the natural changes due to the change of time was negative at 
same distances. With the increase of distances, the market valuation changed to negative 
(starting at 120 m distance), but the change of price due to distance transformed to positive.  
As shown in table 4-8, the number of families living in the dwelling unit has the most 
significant negative relationship with the housing prices. From 2000 to 2018, this variable is 
responsible for the most significant changes in housing prices negatively. However, racial 
demographics also have a negative relationship with housing price changes. The land area 
has a negative relationship with housing price.  
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Table 4-8 Output from Oaxaca Decomposition test with block group investment 
Variable 
Coefficient 
(2000) 
Coefficient 
(2018) 
Mean 
(2000) 
Mean 
(2018) 
Total change 
Explanatory 
variable 
Regression 
coefficient 
Price - 84,981 139,864 54,883 - 
Constant -12,861 -8,311 -12,861 -9,903 2,958 - 
No. of bathrooms 25,777 51,945 1.26 1.38 39,204 3,093 36,111 
Fireplaces 27,628 50,519 0.29 0.30 7,143 276.3 6,867 
No. of bedrooms 6,661 11,036 2.62 2.69 12,235 466.3 11,768 
Families -6,664 -37,814 0.99 1.03 -32,352 -266.6 -32,085 
Air condition 144.2 282.9 63.74 82.44 14,129 2,696 1,143 
Population (White) 22.27 -0.36 423.3 1055 -9,801 14,080 -23,881 
Population (Black) -14.56 -7.06 29.03 111.5 -365.2 -1,201 835.6 
Parks within 500m 1,869 6,907 0.58 0.58 2,922 0 2,922 
Parks within 1000m 1,927 -2,370 0.93 0.92 -3,973 -19.27 -3,953 
Schools within 1500m -2,462 6,732 0.96 0.88 8,288 197 8,091 
Bike trail within l500m 2,345 7,865 0.98 0.98 5,409 0 5,409 
Median income 0.94 0.83 41,136 50,396 2,958 8,718 -5,760 
Building age -223 -98.66 77.19 72.21 10,095 1,111 8,984 
Total land area (sq. ft) 0.50 0.31 10,489 11,902 -1,525 702.3 -2,227 
Transit stop within 30m -4,243 1,880 0.02 0.05 178.9 -127.3 306.2 
Transit stop within 60m -4,423 1,880 0.05 0.05 315.2 0 315.2 
Transit stop within 90m -4,068 -1,224 0.10 0.10 284.4 0 284.4 
Transit stop within 120m -2,437 -5,374 0.18 0.23 -797.4 -121.9 -676 
Transit stop within 150m -20,98 -5,374 0.25 0.23 -711.5 41.96 -753.5 
Transit stop within 300m -2,814 -11,099 0.56 0.53 -4,307 84.42 -4,391 
Transit stop within 500m -2,946 -10,055 0.77 0.76 -5,373 29.46 -5,403 
Dummy for block group investment -5,922 -22,898 0.2 0.18 -2,937 118.4 -3,056 
75 
 
Table 4-9 displays the result from the decomposition test performed on the models 
with investment at specific distances. Similar to the value for the dummy for block group 
investment variable, the variables for investment at specific distances showed that the overall 
changes caused by the investment would have been negative. The value for the explanatory 
variable part indicated that if there were no changes, just because of the changes of time, the 
presence of investment within a distance from the housing unit would have increased the 
housing price. However, the regression coefficients from the estimated models showed that 
the market valuation of the investment is negative. With the increase of distance, the 
magnitude of this negative value also increases. When the distance is up to 120m, the 
reduction of price is less than $1,000. However, that changes with the increase of distances 
and reached to around $5,000 at 500m. Therefore, from the decomposition test it is evident 
that the dummy for investment at distances would cause a housing price reduction from 2000 
to 2018. 
Market valuation of the other variable of interest, proximity to transit stops, was 
positive in changing the housing prices when the housing unit is within a certain distance 
from the bus stop. Although the valuation of transit proximity was positive at closer 
distances, the natural changes due to the change of time was negative at same distances. With 
the increase of distances, the market valuation changed to negative (starting at 120 m 
distance), but the change of price due to distance transformed to positive.  
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Table 4-9 Output from Oaxaca Decomposition test with investment at specific distance 
Variable 
Coefficient 
(2018) 
Coefficient 
(2000) 
Mean 
(2018) 
Mean 
(2000) 
Total 
change 
Explanatory 
variable 
Regression 
coefficient 
Price   84,981 139,864 54,882   
Constant -12,861 -9,903 -12,861 -9,903 2,958   
Transit stop within 30m 2,342 -4,243 0.05 0.02 201.95 -127 329 
Transit stop within 60m 2,328 -4,423 0.05 0.05 337.54 0 338 
Transit stop within 90m -563.1 -4,068 0.10 0.10 350.51 0 351 
Transit stop within 120m -5,164 -2,437 0.23 0.18 -749.22 -122 -627 
Transit stop within 150m -4,881 -2,098 0.23 0.25 -598.08 42 -640 
Transit stop within 300m -9,691 -2,814 0.53 0.56 -3,560 84.41 -3,645 
Transit stop within 500m -8,442 -2,946 0.76 0.77 -4,147 29.5 -4,177 
Dummy for buffered investment 30m -17,863 -1,608 0.01 0.01 -162.6 0 -163 
Dummy for buffered investment 60m -21,668 -736.9 0.02 0.02 -418.6 0 -419 
Dummy for buffered investment 90m -18,045 -2,532 0.03 0.03 -465.4 0 -465 
Dummy for buffered investment 120m -17,461 -422.5 0.05 0.06 -847.70 4.23 -852 
Dummy for buffered investment 150m -23,057 -448.6 0.07 0.07 -1,583 0 -1,583 
Dummy for buffered investment 300m -27,266 -1,257 0.14 0.16 -3,616 25.13 -3,641 
Dummy for buffered investment 500m -27,805 -2,643 0.21 0.23 -5,231 52.86 -5,284 
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Table 4-9 Continued 
Variable 
Coefficient 
(2000) 
Coefficient 
(2018) 
Mean 
(2000) 
Mean 
(2018) 
Total change 
Explanatory 
variable 
Regression 
coefficient 
No. of bathrooms 25,777 51,718 1.26 1.38 38,890 3,093 35,797 
Fireplaces 27,628 50,808 0.29 0.30 7,230 276 6,954 
No. of bedrooms 6,661 11,098 2.62 2.69 12,401 466 11,935 
Families -6,664 -37,177 0.99 1.03 -31,695 -267 -31,429 
Air condition 144.2 292 63.74 82.44 14,896 2,696 12,200 
Population (White) 22.27 0.33 423.23 1,056 -9,079 14,080 -23,160 
Population (Black) -14.56 -23.38 29.03 111.5 -2,184 -1,201 -984 
Parks within 500m 1,868 6,683 0.58 0.58 2,792 0 2,792 
Parks within 1000m 1,927 -2,033 0.93 0.92 -3,661 -19 -3,643 
Schools within 1500m -2,462 6,176 0.96 0.88 7,799 197 7,602 
Bike trail within l500m 2,345 8,098 0.98 0.98 5,637 0 5,637 
Median income 0.94 0.85 41,136 50,396 4,347 8,718 -4,370 
Building age -223 -113 77.19 72.21 9,053 1,111 7,943 
Total land area (sq. ft) 0.50 0.31 10,489 11,902 -1,545 702 -2248 
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4.7. Discussion 
The summary of the empirical results from the estimated models is necessary to 
compare the results and the predicted impact of all the variables on housing prices. Table 4-9 
summarizes the results from the models estimated for 2000 and 2018. 
Table 4-10 Predicted and empirical results of all the variables on housing prices 
Variable name 
Expected impact 
on price 
Empirical result, 
2000 
Empirical result, 
2018 
Structural characteristics 
Total land area Positive (+) Negative (-) Positive (+) 
No. of bathrooms Positive (+) Positive (+) Positive (+) 
No. of fireplaces Positive (+) Positive (+) Positive (+) 
No. of bedrooms Positive (+) Positive (+) Positive (+) 
No. of families Negative (-) Negative (-) Negative (-) 
Air conditioning Positive (+) Positive (+) Positive (+) 
Building age Negative (-) Negative (-) Negative (-) 
Transportation characteristics 
Transit stop within 30m Negative (-) Negative (-) Not Significant 
Transit stop within 60m Negative (-) Negative (-) Not Significant 
Transit stop within 90m Negative (-) Negative (-) Not Significant 
Transit stop within 120m Positive (+) Negative (-) Negative (-) 
Transit stop within 150m Positive (+) Negative (-) Negative (-) 
Transit stop within 300m Positive (+) Negative (-) Negative (-) 
Transit stop within 500m Positive (+) Negative (-) Negative (-) 
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Table 4-9 Continued 
Variable Name 
Expected impact 
on price 
Empirical result, 
2000 
Empirical result, 
2018 
Investment-related variables 
Dummy for buffered 
investment 30m 
Negative (-) Not Significant Negative (-) 
Dummy for buffered 
investment 60m 
Negative (-) Not Significant Negative (-) 
Dummy for buffered 
investment 90m 
Negative (-) Not Significant Negative (-) 
Dummy for buffered 
investment 120m 
Positive (+) Not Significant Negative (-) 
Dummy for buffered 
investment 150m 
Positive (+) Not Significant Negative (-) 
Dummy for buffered 
investment 300m 
Positive (+) Not Significant Negative (-) 
Dummy for buffered 
investment 500m 
Positive (+) Not Significant Negative (-) 
Dummy variable for block 
group Investment  Positive (+) Negative (-) Negative (-) 
Neighborhood-related variables 
Schools within 1500m Negative (-) Not Significant Positive (+) 
Parks within 500m Positive (+) Positive (+) Positive (+) 
Parks within 1000m Negative (-) Not Significant Negative (-) 
Population (White) Positive (+) Positive (+) Not Significant 
Population (Black) Negative (-) Not Significant Negative (-) 
Median income Positive (+) Positive (+) Positive (+) 
Bike trail within 500m Positive (+) Not Significant Not Significant 
The results of the estimated models are largely consistent with the previously 
predicted relationships between the dependent and independent variables. The structural 
characteristics were all consistent with the prediction. The physical characteristics of the 
structure itself have a positive relationship with housing prices in both 2000 and 2018. The 
number of bedrooms or bathrooms has a positive relationship with the price. However, the 
increase in the number of families living in a dwelling unit has a negative relationship with 
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the housing prices in both 2000 and 2018. This indicates the demand and higher price of 
single-family housing units and detached houses. A similar trend can be located in the 
relationship between housing prices and building age. An increase in building age decreases 
the housing prices.  
The transportation-related attributes showed a different result compared to what was 
predicted. The hypothesis was that the smaller the distance to transit stop, the smaller the 
housing price. Only then the people in need can afford the housing closer to the transit. 
However, in the models for 2000, it showed a mixed relationship. At a closer distance, the 
result was negative, which is consistent with the prediction. But it was negative for all the 
distances. For 2018, there was no significant relationship due to transit proximity at a closer 
distance (when the distance is below 120m). However, the relationship between transit stops 
and housing prices showed a negative relationship when the distance between the housing 
unit and transit stop is more than 100 meters.  
The investment-related variables showed significant relationship with housing prices 
in both 2000 and 2018. Although the investment did not happen in 2000, a dummy was used 
to identify what would have happened if it were present. For 2000, the investment showed a 
negative relationship with housing prices and it was statistically significant. The relationship 
in 2018 was negative, and the coefficients increases with the increase in distance from the 
house. After a certain distance, the relationship increase rate does not change, as described in 
section 4.3 (see figure 4.1, table 4-6). However, as the investment is not the only variable in 
the model and it was not significant before the investment, the relationship might be biased 
for other characteristics as well. 
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The neighborhood characteristics showed a consistent and significant relationship 
with the housing prices in both years. The school was considered within 1500m, as that is the 
maximum distance most school bus does not provide services. This results in a negative 
relationship with the housing prices in a cold area like Iowa. However, the relationship was 
found to be positive in 2018, opposite of what was predicted. 
  
4.8. Model Significance 
Regression models must meet certain conditions, the verification of which validates 
the developed models. Thus, it is essential to perform statistical tests of the estimated 
regression models to verify that these models meet these conditions. These tests include 
residual graphic analyses, the study of multicollinearity, analysis of homoscedasticity and 
measurement of autocorrelation to validate the models. For this study, several regression 
models were estimated both for the year 2000 and 2018. Therefore, the validation of these 
estimated models is necessary. First, they were checked for heteroskedasticity. One of the 
alternative procedures for analyzing the heteroskedasticity is to observe the relationship 
between standardized residuals and standardized estimated values of the dependent variable.  
The heteroskedasticity test helps in identifying whether the variance values for the 
model are equal or not. The Breusch-Pagan (BP) test is one of the most common tests for 
heteroskedasticity. It assumes that there is a homoscedastic relationship between the 
variances. From the estimated models for both the years it can be said that the values are 
consistent in rejecting the null hypothesis of homoskedasticity. The Breusch-Pagan test 
values for each estimated model indicate that the null hypothesis of the error variances being 
equal can be rejected. The statistical evidence implies that heteroskedasticity is present in the 
models. Therefore, it can be said that the error variances are not equal.  
 
8
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Distance= 30m Distance= 60m 
 
Distance= 90m 
 
Distance= 180m Distance= 300m Distance= 500m 
Figure 4-2 Relationship between residuals and estimated values of housing prices
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4.9. Summary 
The models estimated for before and after the investment took place established a 
well-constructed relationship between the investments by GDMH and housing prices. At the 
same time, the Oaxaca Decomposition provided an idea of how much each of the 
independent variables is responsible for the price change throughout the years. The transport-
related variables showed an inverse relationship with the housing prices. Previously, the 
relationship was found to be positive when the transit stops were closer to the housing units. 
However, in this case, the demographics and car-driven nature of the City of Des Moines has 
an influence on the negative relationship. The demographic composition of the city has a 
significant relationship with housing prices, as well. These relationships between the 
dependent and independent variables could be helpful in providing some useful 
recommendations to make the investment more effective, based on the analysis from this 
chapter. 
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CHAPTER 5.    CONCLUSION 
This chapter includes three sections to conclude this study. The first section includes 
the concluding remarks relating the hypotheses to the findings of the study. Following that, a 
few recommendations based on the literature review and data analysis. These 
recommendations were intended to answer the question of what to do to make the best out of 
the investment made by the Greater Des Moines Habitat for Humanity (GDMH). Every study 
has some limitations and that is what is included in the second section. The last section 
includes some ideas on future research that can be carried out based on this study. 
 
5.1. Concluding Remarks 
This study was conducted with the aim to analyze the relationship between housing 
prices, affordable housing investment by GDMH and transit proximity. Two hypotheses were 
posed. The GDMH investment information used for this study was from the year 2003 
through 2014. Two hedonic price models were estimated for 2000 and 2018. Even though in 
2000 there was no GDMH investment, the regression models had a dummy indicating the 
location of 2003-2014 investments to test the relationship between housing price and these 
dummies. 
The first hypothesis was that the relationship between housing prices and investments 
by the GDMH is positive and it has a geographical limitation. From the results, it is visible 
that the relationship between the investments by GDMH and housing price was negative for 
both 2000 and 2018 and, based on the magnitude of the estimated coefficients, it got stronger 
during the period of study. The R2 values for the 2000 models were around 0.57 indicating 
that these model specifications explain 57% of the variability in housing prices. For the year 
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2000, all the coefficients for the variables for block group investment were statistically 
significant at 5% level of significance. The estimated coefficients for investment indicated 
that the relationship with housing price got stronger when the distance between the 
investment location and housing units increased (e.g. from 30m to a 150m). However, it is 
also evident that after 150m, the relationship is relatively similar to 300m and 500m.  
Similar to 2000, the results from 2018 models indicated that the investments have a 
negative relationship with the housing prices, and it is smaller when the investment is closer 
to the housing unit. All the coefficients were statistically significant at 5% level of 
significance. The R2 values for the 2018 models were around 0.54, indicating that these 
model specifications explain 54% of the variability in housing price. 
Based on the first hypothesis, this not the relationship GDMH expected between its 
investment and housing prices. The GDMH is investing in affordable housing with a vision 
to supply housing for the people in need and to improve the neighborhood quality. However, 
the noticeable fact is that the housing price was already declining even before the investment 
took place. That indicates that although investment has a negative relationship with housing 
prices, it is not what is causing the negative relationship with the prices.  
The second hypothesis for this study was that the relationship between transit 
proximity and housing prices is positive, illustrating that the further away the housing unit 
from the transit stops, the higher the price. However, the result from the models indicate 
otherwise. From the estimated models, it was found that the relationship between transit 
proximity and housing price was negative for both 2000 and 2018 and statistically 
significant. The magnitude of the estimated coefficients was greater when the distance 
between the housing unit and transit stops was smaller. The magnitude of the negative 
86 
relationship decreased with the increase of distance and is relatively similar after 300m. The 
relationship in 2000 indicates that the lower the distance between the transit stop and housing 
unit, the lower the price. That is a favorable situation for the people in need of affordable 
housing (Murphy, 2010). All the coefficients (except the model at 30m distance) are 
statistically significant at 5% significance level.   
The same cannot be stated for the year 2018. The relationship was not significant for 
smaller distances at this time. The coefficients for transit-related variables was not 
statistically significant in the 30, 60 and 90m model. However, the relationship is negative 
after it crosses 120m and it is small at closer distances. This indicates that the smaller the 
distance between housing units and transit stops, the higher the prices. 
The important factor to notice is that the transit proximity and housing price 
relationship was not consistent to those found in previous studies. A few factors are 
responsible for those. First one of those and most important one is the differences in the use 
of public transit as a prominent mode. At present, only 8% of the people in the City of Des 
Moines have access to DART and only 22% of jobs are within 25 minutes of service by 
DART. The overall use of DART is also below 10% in any weekday service (Transportation 
Management and Design, Inc., 2016). The situation was found different in the earlier studies. 
The most prominent mode in Toronto was the public transit and thus, proximity to transit 
increases housing prices (Hawkins & Habib, 2018). Similar situation was found in other 
studies in cities where public transit is more accessible to both residence and jobs. That is 
why DART is working to increase the use of DART as a major mode of transportation. 
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The structural characteristics and neighborhood characteristics were found to have a 
significant relationship with housing prices. Housing prices depend largely on these 
characteristics. That is why, even though the relationship between housing investment and 
transit proximity showed a negative relationship with housing prices, the control variables 
might have an influence on this relationship. Future research in this area with other control 
variables could be conducted, which is discussed in the final section of this report.  
The Oaxaca decomposition test was performed on the models estimated with dummy 
for block group investment and investment at specific distances. This decomposition test 
allowed to identify how much of the total housing price change has been accounted by each 
of the variables in these models. At the same time, this decomposition provides two different 
information- one for natural change and one for the market valuation of that specific variable 
in changing the housing prices. The value for the dummy for block group investment showed 
that the overall changes caused by the block group investment was negative and it would 
have been around $2,937. The market valued the price of the houses will be reduced by 
around $3,056 in 2018 from 2000, if there is an investment at the block the house is located. 
Unlike the investment-related variables, the market valued the other variable of 
interest, proximity to transit stops, as positive in changing the housing prices when the 
housing unit is within a certain distance from the bus stop. That indicates that the housing 
prices are higher when it is closer to the transit stops. With the increase of distances, the 
market valuation changed to negative (starting at 120 m distance), but the change of price 
due to distance transformed to positive. This indicates the fact that transit use and the 
importance of transit proximity in determining the housing prices are gaining significant 
importance.  
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5.2. Recommendations 
Based on the findings, the question that comes forward is regarding the way GDMH 
locates its affordable housing investment. How can they modify the location of investments 
to create a positive relationship between affordable housing investment and housing prices? I 
am proposing inclusionary zoning, creative and consistent housing design, and collaboration 
with agencies of similar motivation as a mean to improve the condition. 
The mixing of income groups through the incorporation of affordable housing 
developments in well-off neighborhoods should be facilitated to achieve more reasonable 
access to socioeconomic opportunities for affordable households for improved life and 
upward mobility (Van Zandt & Mhatre, 2009; Woo & Kim, 2016). The “Tomorrow Housing 
Plan for the City of Des Moines” had incorporated inclusionary zoning strategy to ensure that 
affordable housing development can take place anywhere in the city (Polk County Housing 
Trust Fund, 2015). This strategy will help the GDMH to construct new affordable housing 
units in the affluent neighborhoods along with their ongoing “neighborhood revitalization 
program.” 
Several local government authorities are using Inclusionary Zoning (IZ) as a strategy 
to expand the affordable housing supply in their cities. At present, more than 800 
jurisdictions have adopted IZ programs (Mukhija et al., 2015; Ramakrishnan, Treskon, & 
Gree, 2019). Inclusionary Zoning requires and incentivizes private developers to allocate a 
certain percentage of the units in a project as below market rate (cheaper than their value in 
market) and often less than the price of producing them (Mukhija et al., 2010; Mukhija et al., 
2015; Calavita & Mallach, 2010; Schwartz et al., 2012). The elements of any inclusionary 
zoning programs include- the type of the program, incentives and subsidies, alternatives and 
cost-offsets (Mukhija et al., 2015). The cities which adopted IZ programs previously all had 
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these options included in their ordinances. However, there are some evidences which indicate 
that the mandatory IZ programs are more successful in producing affordable housing units 
compared to those cities where the programs are voluntary (cities in Los Angeles, San 
Francisco area, Maryland, Washington D.C.) (Mukhija et al., 2010; Schuetz et al., 2007). 
This is one thing the City of Des Moines should consider for their IZ ordinance. 
Besides the type of program, the localities adopted IZ previously kept a package of 
incentives offered to the developers so that the program does not affect the housing market 
adversely (Schwartz et al., 2012; Schuetz et al., 2007; Mukhija et al., 2010). The package of 
incentives offered to developers for producing affordable housing under inclusionary zoning 
may include density bonuses, in-lieu fee and cost-offset options for the developers (The 
World Bank, 2015; Williams, 2000; Mukhija et al., 2015). All the jurisdictions in the 
Washington, DC area and more than two-thirds of the jurisdictions in San Francisco and Los 
Angeles with an active IZ program allow in-lieu options if developers can demonstrate that 
building units on-site would cause financial hardship (Kontokosta, 2014; Schuetz et al., 
2007). 
In most of the jurisdictions adopted IZ (California, Maryland, Boston for example), 
developers have the option to include the required affordable units on-site with the other 
market-rate units or construct the affordable units concurrently but at a different location 
within the city. In most of the cities, instead of building the affordable units, developers have 
the option to pay an affordable housing in-lieu fee or donate an equivalent amount of land to 
the city. With these options, the construction of affordable units becomes the responsibility 
of the city. In-lieu fees are typically deposited into a city’s Affordable Housing Trust Fund 
until enough money is collected to finance or build affordable housing projects. Often these 
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in-lieu fee dollars are mixed with other funds and subsequently lent to non-profit developers 
in the form of a long-term, low-interest loan for affordable housing development (Mukhija et 
al., 2010). The city authority has to be careful about the fees though, so that it is not far 
below the construction cost of a unit. They need to revise and update the fee regularly as well 
to make sure the fee does not become an option to avoid affordable housing construction or 
become a burden for the developers (Mukhija et al., 2015). 
The in-lieu fee option is the one that relates the inclusionary zoning ordinance and the 
works of a non-profit organization in affordable housing provision. This option allows the 
developer to make an in-lieu payment that flows into a housing trust fund to generate more 
affordable housing. There are examples of these over the years in different cities (e.g., 
Davidson, NC; Chapel Hill, NC; Highland Parks, IL; Boulder, CO; Irvine, CA, etc.). 
Highland Parks, Illinois has an option in their ordinance where the affordable housing 
provision organizations have the option to partner with the trust fund and can work on behalf. 
Also, there are options for the developers where they can build affordable housing units off-
site. The IZ ordinance of the City of Irvine, California, provides both in-lieu fee and transfer 
of existing units to a non-profit housing agency and land dedication for affordable housing 
(Scott, Anthony & Williams, 2013). In the City of Des Moines, affordable housing provision 
agencies like GDMH can be a mediator in these options as well. They can work with the city 
authority and build the houses according to the demand.   
Another important aspect that GDMH can pay more attention when constructing new 
affordable housing is the design of the unit being built. From the literature, it was found that 
one of the prominent reasons of NIMBY attitude is the design and quality of the new 
affordable housing units being built (Nguyen, 2005; Woo, Joh & Van Zandt, 2016). A unique 
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creative design, better quality and consistent with the surrounding will help the new units to 
make a positive impression and blend them with the existing buildings (Schill et al., 2002; 
Albright et al., 2013). It may also help reduce the opposition from the existing residents as 
with a unique design it will not have a negative impact on the housing prices. HUD partnered 
with American Institute for Architects (AIA) as the affordable housing design advisor and 
they also recommended to maintain consistency in the design of the new units (Woo, Joh & 
Van Zandt, 2016). Therefore, GDMH may want to make sure that their new affordable 
housing units are consistent with the vibe of the existing neighborhood visually.    
Lastly, GDMH could be working with other organizations with a similar motivation. 
There are several organizations focused on affordable housing provision in the City of Des 
Moines. These organizations can work in collaboration with each other. As GDMH is one of 
the pioneers of working with housing provision for the people in need, they can take the 
advisory role. They can collaborate with others and distribute investment all over the city. At 
present, their investments are located mostly within one-third of the block groups in the city. 
Thus, the concentration of housing investments in a few specific blocks might be changed, 
and the relationship can be improved. 
In the case of providing transit proximity, DART is relatively new and does not 
provide service throughout much of the City of Des Moines. They are still improving their 
routes and coverage areas to connect the whole city with the service. They have prepared a 
plan named “DART Forward 2035 Transit Services Plan” to improve the transit connectivity 
in the city. They have suggested a number of short, medium- and long-term 
recommendations. The most important of those was increasing the frequency of buses during 
the peak hours. Another was to increase the number of routes from the existing 115. They 
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mentioned in the plan that approximately 10,000 new Greater Des Moines residents and 
5,500 jobs would be within a quarter mile walk of a transit stop following these changes.  
The implementation of these recommendations will ensure that 69% of total jobs are 
within a quarter-mile distance from the transit stops. Also, it is anticipated to increase the 
total service use to around 30% by next 10 years and more than 45% in the next 15 years. 
Therefore, the implementation of these recommendations might help in reducing the negative 
relationship between housing prices and transit proximity. 
 
5.3. Limitations and Future Research Directions 
Despite proper and rigorous care in conducting the research, no study is free of 
limitations. This can be stated for this study as well. The first limitation, which is probably 
the most significant one, is the limitations of the data. There are several organizations, both 
government and non-profit, working to provide affordable housing in the City of Des 
Moines. In most cases, they are working with disadvantaged people with low-income who 
generally cannot afford their own housing. The Greater Des Moines Habitat for Humanity 
(GDMH) is one of these organizations that is working with a similar motivation. However, 
working with only the investment information from GDMH, above might not provide an 
overall and generalizable idea on how the investments are related to the housing sales and 
prices in the City of Des Moines. 
GDMH has been involved with the investment and rehabilitation program in the City 
of Des Moines since 1987. However, for this study, only information about the investment in 
new constructions from 2003 through 2014 was used. The result from the analysis suggests 
that investment has a negative relationship with housing prices. However, there might be 
other factors associated with housing prices. The economic recession and aftershock have a 
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relationship on the income and price, as well. Although median income was considered and 
incorporated in the estimated models, other economic factors might make the results biased.  
One other factor necessary to consider in the process is the qualitative aspect of the 
investment relationship with the housing prices. The models captured the relationship 
between the investment by GDMH and housing prices in the surrounding areas from the 
market perspective. However, it did not consider how the people who are living in those units 
or nearby units are feeling regarding the presence of an investment in the neighborhood. So, 
a qualitative study capturing the benefit of the investment from the beneficiary/or people 
perspective can lead to a substantial result with more evidence from a different point-of-
view.  
For this study, the estimated models were able to produce a significant relationship 
between the dependent and independent variables. The incorporation of investment 
information from other organizations, investment information other than just the new 
construction and other control variables might result in a different outcome. Furthermore, it 
would be important to understand if housing price in 2000 and 2018 experience spatial 
dependence, by testing for spatial autocorrelation. If so, spatial regression would have been 
more effective than Ordinary Least Squares (OLS) method. If the dependent variable 
experiences spatial dependence, OLS is biased and is not the best method to utilize. Spatial 
regression would be more helpful in this cases. These can open doorways for future research 
on the relationship between investment and housing price.   
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